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"action of furaldehyde, 


SYNTHESIS AND POLYMERIZATION OF VINYL DERIVATIVES 
OF THE FURAN AND THIOPHENE SERIES 


1.V. Andreeva and M.M. Koton 


- (Presented by Academictan V.A. Kargin, March 28, 1956) 


Viny) derivatives of the furan and thiophene serles have been Hitle studied up to the present tine, Moreover, 
there are literature data, chiefly patent, Indicating that many of thelr polymers have high softening points and good 
diclectric properties, The investigation of these cormpounds is also of Independent Interest, since {t permits the 

study of the effect of the nature of different heterocyclic substituents in the ethylene molecule on the properties 

of the polyiners obtained. We set ourselves the problem of studying the effect of increasing the number of condensed 
benzene rings in vinyl derivatives of the furan and thiophene series on polymerizabiilty and on the properties of the 
polymers obtained. It was also of interest to examine the effect of the subscitution of an oxygen atom by a sulfur 
atom’ on the properties of these polymer, With this aim, the following were synthesized in the furan series: 


(gee 


9 
2-vinylfuran 2-vinylbenzofuren 
And in the thiophene series: | 


VinyMuran and its are the most studied of these mocomers and polymers (1,2). The Uterature [3-7] 
gives mainly technical characteristics for the rest of the polymers. It should Se noted that a comparison of the pro- 


pertles of the monomers and polymers and Mkewise a study of ihe polymerization Mnetics of these monomers have 
not been carried out up to the present, 


The monomers were synthesized by the following method: 


Vinylfuran was prepared decarboxylation of acid, which, {n turn, was prepared by Perkin's re- 


Vinylthiophene was prepared by condensation of thieny]lmagnesium Jodide with ethylene oxide and nei 
dehydration of the resulting carbinol over solid potassium hydroxides, 


The vinyl derivatives of benzofuran, dibenzofuran, and dis izothlophene were prepared ‘} a general method, 
The corresponding ketones were reduced by Meezwein-Ponnderf seduction to the carbinols which were subsequently 
dehydrated in the vapor phase over aluminum oxide, Methylbenzofury] ketone was not prepared by direct acetyl- 
ation by Friedel-C.*its rezction, as were the other ketones, but by ring closure during condensation of salicy] aldeo 
hyce with chloroacetune, The original condenscd systems were not available, and were syathesized; dibenzofuran 
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TABLE 1 


Physicochemical Properues of the Monomers 


Qemertal com 


#233 @ 


2-Vioyifuss 


*No analytical data on double bonds its the Aterature. 


**Polymerized during distillation at 0.5 mm, 


from phenol, and trom diphenyl and sulfur, ta 

the presence of chiorde, of the Nquld 
Was Catticd ont by repeated vacuum distillation and 
erystal zation by alternating vacuum distifatton and crystallizes 
by freezing, Vinylfuran was distilled over solid caustic potash 
Epotassini hydroxide), which made ft possible to obtain the ionotne 
In a degree of parity, The purity of the monomers prepared 
ean be Judged from the data from clemental and double bound anal- 
yses which presented In Table 3, 


The viny!dibenzothluphene had a purity of 96-98% owing, 
apparently, ty high polymesizabillty. The preparaidon of the 
monomers in a bigh degree of purlty made it possible to in prove 
the aecuracy of the available physicochemical constants of the 
wonoiners and to determine the previously unknown constants (see 
Table 1p 


Polymerization processes proceeding both by a free sadical 
mechanism (mass, soludon, and emulsion polymedzation) and by 
an lonic mechanism were investigated in the prescnt work. Poly- 
merization kinetics were studied dilatometrically with 0.5 mole % 
benzoy! peroxide in mass and solution polymerizations at 60, 80, 
90, and 100°, and also in the presence of buty)Uthium at 35° and 
boron trifluoride etherate at 0°, 


The effect of molecular oxygen on the polymerization pro- 
czss was established by a series of preliminary experiments on beae 
zoy! peroxide -catalyzed polymerization, and, as a result on this, 
further experlinents were carried out under conditions of most com= 
plete exclusion of atmospheric oxygen, thereby permitting closely 
teproducibie results to be obtained, A paralicl investigation of mass 
and solution polymerization processes was carried out, because some 
of the monoiners were liquid and others were crystalline, 


A mercury dilatometer of special construction was used for 
the investigation of the Kinetics of benzoyl peroxide -catalyzed 
mass polymerization, in the investigation of the kinetics of solue- 
tion polymerization catalyzed by benzoy] peroxide, butyllihium, 
of boron trifluoride ethcrate, the reaction tubes were filled by 
means of a special filling apparatus, In those cases where an fonic= 
type catalyst was used, the dilatometer reaction tube consisted of 
two sections, one of which was filled with monomer and solvent 
using the special apparatus, and the other was filled with catalyst 
using a Schlenk apparatus, 


_ The investigation of the kinetics of the benzoy] peroxide 
Catalyzed polymerization process at different temperatures made 
it possible to calculate the activation enezgy. The following values 
were obtained for monomers of the furan series: vinylfuran, 17 « 
kcal/inole; vinylbenzofuran, 16.5 + 0.5 keal/mole; vinyl- 
dibenzofuran, 12.4 + 0.5 kcal/mole, 


Comparing the rate data from free radical-catalyzed poly- 
merizations of monomers of the furan series, both in mass for viny]- 
furar. and vinylbenzofuran at 89 and 100° (Figure 1) and in solurica 
at 100° for viny}furan, vinyibenzofuran, and vinyldibcnzofuran (Fig- 
ure 2), it is seen that the polymerization rate increases with an in- 
crease in the number of condensed sings In the monomer. We were 
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100 200 min. 


hous 
Fig. 1. Kinetics, R, of the inass polymerization of 


Fig. 2. Kinctics, R, of the polymerization of vinyl 
viny furan and vinylbenzofuran with 0.5 inole % 


derivatives of the furan serics In 1M tolucne sohition — 


benzoyl] peroxide. 1) VBF at 100°; 2) VBF °: 60"; with 0.5 mole % benzoy! peroxide at 160°, 1) VIONF; 
3) VF at 109°; 4) VF at 80°. 2) VBF; 3) VF. 
% 
f 
60 = 
27 JM min, 
20 
Fis. 4. Kinetics, R, of the mass polymerization of 
vinyl furan and catalyzed with 0.5 
= benzoyl peroxide. 1) VT at 100% 2) VF at 100°; 
a 3) VT at 80°; 43 VF at 60°, 


mire 


Fig. 3. Kinetics, R, of the polymerization of mono- 
mers of the thiophene scries in 1 M toluene solution 

with 0.5 mole % benzoy] peroxide at 100%. 1) VDBT; 
2) VT. 


led to this same concluston by a study of the polymer- 

zation kinetics of these same compounds proceeding by 

an fonic mechanism, An investigation of the rate of the 
benzoy! peroxide -catalyzed mass polymerization of 


vinylthfophene at different temperatures made possible 
the calculation of the activation energy, which was 16.0 + 0.5 kcal/mole. 


On comparing the poly nerizability of monomers of the thiophene series by means of the polymerization 
rates (Figure 3), it is sen that Minyieibennoerne ene polymerizes ata considerably higher cate than viny ithlophene. 


The investigations carried out with monomers sof the furan and thiophene series makes it possible to comp3re 
the analogous monomers and to examine the effect of the substitution of an atom of sulfur for an atom of oxygea 
both on polymerizability and on the properties of the polymers obtained, Thus, from the rates of the benzoy] perox- 
ide-catalyzed mass polymerizations (Figure 4) it fs seen that vinylthiophene !s more reactive than vinylfuran, The 
per cent conversion of vinylthiophene is approximately twice that of vinyifuraa at equal ume Intervals, The same 
tendency !s observed on comparison of the three-ring representatives of the series investigated, vinyldibenzofuran 


and vinyldibenzothiophene, However, in this case, this effect is present to a lesser extent, apparenuy owing to the 
complexity of the molecules, ; 


Thus, with an Inctease in the number of cendensed rings in the monomer molecule, the rate of the polymeri- 
zation process increased both In the furaa series and in tie thiophene series, Seaivetion of an atom of sulfur for 
the oxygen atom Increases the polymeiization tate of analogs, 
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Besides lavestigations of polywerizailon kinctles and with che alm of studying the proportics of the poly 
mets obtained, we coaducted experiments on polymedizations with a ttepewhss [ncroase fn tomporature 
and with vartous faltiatess, Whon the polymertzations were out with free radical-typo initiators, the 
dlelecute peopertics and the softening points of the polymers were inaintalned alinost without change, ft caa 
be seca from the Intrinsic visewities Uiat polymers of vinyldibenzofuran were of higher molecular welght thet 
polymers of vinylbenzofiran (for (9) 0,2-0,6, and for polyvinyibonzofuran [4] 0.3-0.2). 
The molecular welght of the polymer depends not only en the nature of the monomer, but on the reaction coae 
ditions and on the nature of the Initfator uscd. Thus, comparatively higher molecular welght products wero ob 
talned from both vinylberzeferan and, especially, vinyIdibenzofuran when azobisisobutyronitrile was the init 
ator, Higher moleculas weight products were obtained also during thermal polymerization carried out under the 
taine conditions fa the absence of atinospheric oxygen, Mowever, the high molecular welght polyincrs had the 
same soficning point and the saine dielectric properties as the comparatively low molecular weight polymer, 
It was established chat the softening point of the polymers increased with an increase in the nuinber of cone 
densed benzene rings in the monomer mokccule, Sulfur-containing polymers had softening polnts somewhat 
highes than the corresponding furan derivatives, The diclecuie propertics were also improved with an increase 
in the nuniber of benzene rings, They were better for the sulfur-containing analogs, apparently because of the 
lower polarity of the compounds containing 2 sulfur atom jn coinparison with the compounds containing an atom 
of oxygen. This difference was less for the higher representatives of these series, 
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CATALYTIC DEMETIIYLATION GF --PICOLINE TO PYRIDINE 


BY MEANS OF STEAM 


Academician A.A. Balandin, L.1. Sovalova cnd 


T.A. Slovokhotova 


| The preparation of pyridine and its homologs {s of practical interest, Tnree methods for the demethyla- 
tion of a-picoline have deen patented: pyrciysts of a-picoline at 800° In a strcam of hydrogen containing hy- 
i 
i 
i 


drogen sulfide gives a pyridine yleld of 21. 2[1} catalytic oxidation with afr at 580° over a catalyst of vanadium 
oxide snd molybdenum oxide on pumice gives.a pyridine yleid of 15.3% [2]; cracking over silica-alumina 


alyst (20% SIO, and 10% Al,C,) at 450° and 150 atm, gives 11.1% pyridine and 16.4% di- and ere 
dines {3}. 


Previous work fn our ities established that demethylation of aromatics proceeds seine in the 
; presence of water over 2 catalyst of nickc} on aluminum oxide at icmpezatures of 300-400*% Thus, toluens 
yields benzene [4}, and xylenes yield toluene and benzene {5} Destruction of aromatic rings is Incomplete, — 


and by selection of reaction conditions (catalyst composition and method of 25. Bee i molar ratio of water 
to hydrocarbon, temperature) such destruction can be held to a minimum, 


In the present work a new method for the demethylation of a-picoline to pytidine fs proposed and favest- 
igated, in which the demethylation Is accomplished by means of steam in the pecsence of a catalyst of alckel 
on aluminum oxide, 


1 In the range 148-425° and at moler ratlos of water: a-picolinc = 222239. liquid and gaseous products - 
contain CstisN, NHs, CO,, CO, Hy, and CHy. Appreclable coke deposition oa the catalyst was not observed, sa 
Table 1 shows variation, witn temperature, in amount of a-pico‘ine reacted at a molar ¢catlo of waters a-plcoe 


line = 22:1, Reaction began at + 156°; above 400° the rate became considerable, Pyridine yield was 50% on 
a-plcoline at 415° and a molar ratio of water; e-picolins = 22:4, 


TABLE 2 


TADLE 2 
Temp., °C Amevnt of a-pleoline reacted In Geof thet | Pyridine Armount ef @- 

charged yield tote lly 

destroyed 
Totsi Forming Ring destruc-| In Ref e-plcoline reacted 

pytidine 

148 0.8 

318 4a 45 95.78 4.28 

| 435 60 59 10 6.3 14.9 


Mole ratio Amount of e-picolins reacted in Gof that | Py-idtae Amount of 
water: charged yield picolins totally 
picoline destroyed 
Totsi Forming Ring destruc-} In a-picolina teacied 
_ pyridine toa 
i 23 60 50 10 83.3 18.9 
48.6 8 82.8 311.3 
385 22.3 16.6 3.8 84.3 18.9 
18.7 3.5 84.2 18.9 
16,9 33.8 


i o 
| 
| 
| 
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The reaction slowed down with an fncroase In the ameountof water, In Table 2 Is shows the varlavon In tha 
of a-piculine reacted at 415° to ylold pytidine and the amomat reacted with compicte destruction with 


the molar rado of watcer to e-picoline, 


% 

f 
2 

109 150 20g 


Fig. 1. Variation In the yickd of pyridine (1) and am- 
monta (2), in a-picoline charged, with molar ratio 
of water to a-picoline at a temperature of 415°, 


zt 

fae 7 


Fig. 3. Variation in the composition of gascous products, 


in %& with molar ratio of water to a-picoline at a temp- 
erature of 415°. 1) 2) CO; 3) CO; 4) 


Fig. 2.. Variation In the yleld of pyridine (1) and am- 
monia (2), in % of a-picoline reacted, with molar ratio 
of water to a-picoline at a temperature of 415°, 


Ur 


Optical density, D 


275 war 


Fig. 4. Absorption spectra: 1) pyridine; 2) a-pico- 
line; 3) mixture of pyridine and ae containing 
50% pyridine, 


The variation 'n product distribution with molar ratio of is shown In Figures 1-3, Within 
she limits of the moiar ictios tesied, ihe yield of pyridine decreased with an increase fn the amount of water. The 
content of ammonia in the catalyzate, which resulicd from the compicis destruction of the pyridine nuckus, also 
decreased. The content cf hydrogen, produced by the reaction with water, increased continuously with an increase 
in the amount of water, The amount of carbon dioxide at first increased, and then slowly decreased. 


Thus, an increase in the concentration of water in the reaction mixture slows down both the reaction resulting 
is the complete destruction of the pyridine nucleus aa we demethylation reaction. Within the mits of molar 
ratios of water to a-picoline tested, this ratio remains approximately constant at a value of 5 (Figure 2), bas it is 


strongly temperature dependent. 


Judgins from the results of the analyses of the gaseous products and asian under the conditions used the 
nivrogen of the pyridine ring Js not oxidized either to oxides o7 to free nitrogen; rather, it only unvergoes hydrogen- 
ation to ammenia, Methane formaiion is also depressed by water. To a slight degree, the zeaciion with waier also 


proceeds with the formation of carbon monoxide, 


From the above, it follows that, under our Conditions, the following basic reactions proceed: 


4 
“ | 
2 
gt 
WO 
= 
: 


f + 10150 NIT, 4-500, ON, 


EXPERIMENTAL 


The experimesss were carricd owt Ina catalytic apparatus with a detachable rcactor peeviously described by 
one of the present authors (6). The catalyst, nickel oa aluminum oxide las radio of 1:1, was prepared and reduced 
by the incthod of N.D. Zelinsky [7] and was afterwards heated in a stream of hydrogen a7 TOW", since, according to 
Mierature data [8] and our data [4], such heat treatment increases the activity of the catatys: in the reaction of hy- 
drocarbons with water. Before an experiment, the cata}yst was prereduces for one hour at the temperature of the 
experiment and flushed with nitrogen, and at the conchusion of the experiment it was removed from the hot furnace 

| in a strcan) of nitrogea and kept covered, since st was creviously shown by ws Sat cooling of the catalyst in a molst 
atmosphere leads to a sharp decrease in {ts acuvity {3} The ey a-prooline was distilled in a column of 37 
theoretical plates; it had the following ccustants: b.p 128.8%; nf}. 1.5015 (Hierature. data: bp, 128.8%; ny", 1.5029; 
1.5024), 


The gas was coliecied, and its rate was recorded automaticaly with 2 UGS? gas inetex, The gas rate was 
constant the interval of an experiment, and was reproducible, This imdicates constant catalyst activity under 
the working tegime described above, The gas was anziyzed in a WTI apparatus, The ammonia was back Utrated 
with acid, The coarsest of pyridinc and e-picolins in tic Jiquid catalyzate was determined dy specus 
in te uluaviciet region, The analysis was carricd owt on an SF ~4 visual spectrophotometer. 


Inforination ts available inthe 5 ‘terature on the analysis of mixtures of pyridine and e-picoline with a Becke 
man spectrograph in near uluavioict region (10), Hcptane was used a3 tre solvent. The concentration of 
{dine bases was 2-4-1297 mole/Iter; the sample thickness was em. In ocder to calculate concentrations, the op- 
tical densithés of the solutions were imeasured at wave Jengths of 242.5, 253.5, 262.9, and 222.0 mp. 


It has been pero in other papers that the absxption curves of pyricine and e-picotine in aicohol have the 
following extremes: 247 my (inflection), 251, 257, and 263 my (maxima) for pyridine, and 256, 262, and 269 my. 
(maxima) for a-picotine [11], and that the aban | of the maxima increass with a3 Increase in the polarity of 
the solvent; In addition, the maxima themselves are sormewhat displeced in the direction of longer wave length (12). © 


Since the Uyuid catalyzate ore oor experiments wes @ solution of pyricine bases in water, aqueous solutions 
having a concentration of 2-5- 10~ mole/liter were csed in taking the spectta. The sample thickness was 1 em of 
solution, Standard sotetions of pyridine and q-picoline in water had the fotiowing extremess - pyridine 247.5 mp 
(inflection), 254 and 241 ing (minima), 250, 256, and 252.5 mp (maxima); e-picotine 256 and 268 my (inflections), 


Unknown concentrations of pyridine and a-picoline were calculated from the optical densities at wave lengths 
of 256 and 262 ing, te points of the highest absorption maxima of these compounds. Absorption curves for pyri- 
dine, a-picoline, and diluted aqueous catalyzate conmtzining 50% pyridine are presented In Figure 4, 


The aqueous solution of pyridine bases obtained from the reaction were saturated with po — and the layer of 
bases separated and died. The unreacted a-picoline was distilled in a colon, following which it had the same 
constants as the originah The pyridine a-plcolime contained in the er were and identl- 
fied in the form of their dimercury HC]-2HgCh, 176° (literanwe data, 177); CgHyN- HCle 
* 2HgCh,m.p, 155° data, 154°), 
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‘COMPLEX COMPOUNDS OF DIVALENT PLATINUM 
WITH y-AMINOBUTYRIC ACID 


L.M. Volshtein and M.F. Mogilevkina 
(Presented by Academician P.L Chernyaev, March 19, 1956) ~ 
We recently reported on the preparation of compounds of divalent platinum (Pt**) with B -aminopropionic 
acid; in particular, the {nnes-complex salt (PX NH,CH,Ch, which contains a six-membered ring, was 


synthesized. It was of interest to attempt to prepare compounds with y-aminobutyric acid, NH,Ci,CH,CH;COH 
{denoted below by yH). 


It is known that L.A. Chugaey (2) stated that-it {s Impossible to prepare inner-complex salts of chromium 
with B- and y-amino acids, We have shown that, by the action of a base on acyclic compounds with B-alan- 
ine (denoted by BH) of the composition (Cr(8H),C],} and (P1(8H},Ch), inner-complex galts of both chromium 
3] and Pr*? £1) can be precipitated, Therefore, we set ourselves the problem of studying the scyclic compound 
and of treating it with bese, 


The compound [Pt(y}},Ch] was successfully synthesized, but the action of a bask on ft showed that clo- 
sure of seven membered rings through - y -aminoscid does not occur, and the inner-complex salt Is odt 
formed, Starting with (Pt{ ober acyclic compounds were prepared, the compositions of which incluced 
the molecules yHCPt(yH), Ch, (where ThiO = CSN;H,), or the radics] 
NHA{CH;);COy with a closed ring, the compounds being denoted below by y([Ptys (NH,)). and (Pry,{TaiO)},}. 


It was of interest to compare the complex-forming abilicies of a- and y-aminobutyric acids®. Ia cone 
trast to yH, a-aminoburyric acid, fde by MH), yields an inner-complex come 


sound with a five-membered ring and having the composition | Pt ths CHCH,; . However, 
po 3 3 


the acyclic compounds with yH, for example (PX yHANH,}}Ck, proved to be considerably more stable than 
the analogous (and isomeric) compounds with MH, for example [PY MH)(NH,)JCh. 


EXPERIMENTAL 


To 4 mmoles of K,PrC) and 15 mmoles of ‘7H was added = mmoles of KCH in the form of a 1.8 M solue 
tion. The soludon was heated on a water bath for 20 minutes. After heating for 5 rrinutes, the solution became 
almost colorless, Neither reduction of the platinum nor the ncaa of any Insoluble complexes was observed, 
20 ml of concentrated HCl was then added, and the mixture was heated on a water bath for several hours. Afe 
ter one hour, peact anton’ of light yellow, lamellar ns oer began. The amount of precipitate slowly Increased; 
yield exceeded 75: The i piizie was filieied by suction, wasned with dilute aicscks}, and cine, 


and dried at 105°, The composition of the compound corresponded to the formula [Py Ni4,CH,;CH;CH;CO,H),Ch) 
(tenoted below by y-dichloride), 


Found % Pt 41.27; 41.39; €115.12; N 6.04; H* 0.45. [Pt (yH)Cl}. Calculated % Pt 41.33; Cl 15.01; 
N 5.93; H* 0.427. 


*The compounds of a-aminobutyric acid were prepared by cne of us together with N.S, Velikanova, 
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the fs difficultly soluble fa water, hut oxtractton with water gave a fe 14 
solution, fn cenfeonlty with the coordinatton formula of the componid, the soliton fies an actd resection tue 
ward red, and peoduces an opalescence which changes Into a precipitate on botling, 


On heating with fa atkaline solution, reaction occurs, appsrontly according tos 
K,MCh ¢ 4yll ¢ 4KOU ¢ 41,0, 


With the addition of acid, K{Pty,) ts converted Into {Py JIC, which undergoes Jorgonsea cleavage 
slowly on heating with the formation of y-dichloride, A sinitlar mechanism was demonstrated In the case of 
the preparation of the analogous &-slzaine dichloride which resulted In the Lsolation of the compound 
the y-uichloride is formed similarly, it must have a trans-configuration, This 
was confirmed by the thiourea reaction of N.S. Kurnakov. On warming with excess ThiO, the y-dichlorids 
went into solution from which a white dithto derivative having the composition (PY ThiO), 
was precipitaicd by the addition of exécss concentrated HCL, This compound was quantitatively uated with 
base. After the addition of two equivaicnts of base, a white precipitate was formed which was very slightly 
soluble In water and which was a non-clecuolyte of ths composition [PY ThiO),}, 24,0, 
The analyses and properties of both thio derivatives corresponded to the formulas given, 


Found Pt 31.15; 31.65; C1 11.66; N 13.38; 0.315. (Pa yH)}(ThIO}, Calculated Ze Pt 31,26; 
C} 11.25; N 13.45; H* 0.32, 


Found Pt 33.54; 32.93; N 14.02, {Pty{ThiC), Calculated % 33.22; N 14,30, 


A ucatincat of y-dichloride with bace was carried out by Uuation with an 0.1 M solution of KOH fn the 
presence of phenolpithalein, after the addition of two equivalents of KOH, the y-dichloride disappeared 
forming 3 ycilow solution, The solution remained yellow and < precipitate had not formed after standing for 
many weeks, Now it is knowa that after back titration of simflar dichborides of the general formula (PYAH),Ch}L 
where AH {Is 2a amino acid (MH, glycine [4], a-alanine [5], of tyrosine [€}) or BH (1}, the yellow solution 
gradually decclorizes in the cold, and an Inner-compiex salt {s precipitated. In particular, 3 days after neue 
tralization of [Pq MII},Ck] an inner-complex salt fs formed In the cold with a yield of ~45% and the yield of 
{Pth,] approaches 160% oa longer standing. In the case of the y-dichioride, ring clozure did not occur, and aa 
inncr-complex salt was not obtained, The acyclic compound K,{Pty,Ch) apparenily rémains in the solution, 
The addition to the solution of 0,1 M HC] fn ca amount equivalent to the previously added bare led to the 
precipitation of the original y -dichlorides 


We addéd the HC] Immediately after the back titration, aftcr 10 days, and even after 1 month. In all 
cases, the original y -dichtoride was precipitated (found & Pt 41.87, 41.69, and 41.43; calculated #< Pt 41.33) 
in hich yle}d (~ 70%) which did not decrease appreciably upon lengthy standing of the neutralized solution, 
Heating of the neutralized solutions of [PX AH)},Ch] considerably accelerates the formation of inner-complex 
tals, Meanwhile, in the case of [PX yH}CL), the inncr-complex salt was not obtained even after heating, 
Subscquent addition of HCI in this:case led to the precipitation of the original y -dichloride (found %& P: 41.21; 
caiculsted %e Pt 45.33), 


The absence of a tendency toward ring closure by y racicais is striniagly (lusasted by a comperiton of the 5 
molar conductivities,y, of solutions of yH}),C},) and AH},Ck] on standing for a long time. In1l- 10°? 
solutions of [Px AH},C},] formed from a- and 8-amino acids, » increases considerably with time, an effect which 
is dependent on gradual closure of rings: 


{P{ AH},Ch} = [PtA,] + 2HCL 
In particular, the inner-complex salt (PtM,) gradually precipitates in the cold from a 1+ 10 M solution 
of [P{MH}CL} If ting closure proceeded irreversibly, 2 mmol. of HU. would be formed per mmol. of 
{P{ AH), end of the soludors, referred to the original concentration of the dichlorides, would reach a 


value of ~ £30 chin“! em® at 25°, In actuality, in to 1+10°? M solutions of dichlorides formed from 
alanine (5), tyrosine (6), and MH, p attains values of 735, 785, and 740 ohm! em*® respectively afters standing 
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for days, and {t attains a value of 670 fn solutions of {P(6H),C),). Meanwhile, even after 


lengthy standing of a 2+ 10 solution of y-dichloride docs not exceed 400 ohm! The steady state 
value of y ts determined by the reaction 


and by the partial splizting off of H* from the coordinated molecule of yH. 


By heating the y -dichloride with concentrated ammonia, we obtained a non-electrolyte of the composi 
tlon [PKUNH;CH,;CH,;CH,CO,),(NH3), which was a white material, very slightly soluble Jn water, Upva 
the addition of HCl the material at first went into solution, but after the addition of an excess of concentrated 

Cl and cooling a white precipitate was formed, The precipitate was filtered by suction, washed with HC3 © 
(1:1), alcohol, and ether, and dried at 105-110°, Analysis showed that this compound had the composition 


Found%: Pt 38.61; N 11.29; H* 0.39. Calculated%: Pt 38.55; N 11.07; H* 0.398. 


The compound was readily soluble in water, difficultly soluble in HCl, Upon back tiuating there was 
again formed a white precipitate of the non-electrolyte [Ptys(NH (found %: Pi 44.81; calculated Pz 
45.17). cf M solction of [Pu at 25° was 305 ohm~! cm*, The conductivity was de- 
pendent both on the ions (Pt(yH),(NHy),}**+ 2CI™, and on a partial splitting out of Ht from the coordinated 
molecules of yH. It is characteristic that p of soluticns of (Pt yH),(NH),}C), remain constant with dme and 
do not decrease even after boiling of the solutions. Meanwhile, p of solutions of analogous compounds of a- 
aminobutyric acid and of a-alanine [5] slowly decrease with time and drop sharply after boiling of the solu- 
tions. Both decreases are dependent on conversion of the compound [PY AH) to 
chloride of the second base of Reise. Thus, for example, a 1-107? M solution of [P(MH)},(NH IC), which 
had 2 p at 25° of 570 ohm! em®, was subjected to a 10-minute boiling; afier cooling to 25°, the solution 
had a p of 135 ohm“! cm*, A similar phenomenon was observed for the analogous a-alanine compound (5}. 

: The absence of a drop in the p of solutions of {Pt yH},(NH,)}C}, after boiling shows that the molecules of yH 
are bound to the Pt*® more strongly than are molecules of a-amino acids, Boiling of (PX yH)(NH;);}C) with 
concentrated HC} leads to this same conclusion. As is well known [4,5], boiling with HCI of the compound 


j NH, AH 
PT Ch, where AH is glycine or a-alanine, leads to the chloride of the second base of Reiss, 
. AH NH, 


NHg M 
1 which {s obtained In pood yieid. The same thing occurs on boiling the comne| PT i C% with 
MH NH 


HCL In all of these cases cleavage occurs so that chlorine atoms replace molecules of the a-amino acids, 
which are more weakly bound to the Pi than are the molecules of NHy. Meanwhile, on boiling 


NH, yH } 


Pt 

J 
a mixture of y-dichtoride end (PtCl(NH,}] We titrated this mixture with 0.1 M KOH solution, whereupon 
the y-dichlozide went into solution (from which it was later reprecipitated by the addition of HCD,and the 
{P:Cl,(NH;))] remained in che residue and was analyzed (found % Pt 64.79; calculated%: Pt 65.04). The 
molar ratio [Pt yH),;ChJ:[PrCi,(NH;),) in the Jorgensen cleavage products was never less than unity, We have 
noted that, according to our data [1], boiling of the -nalogous B-alanine derivative with HC] also formed a 
mixture of and (PtCL{NH,);}, but with a predominance of [FiCi,(Niig The Consideiabie increase 
in bond strength on passing from MH to yH, that is from an a-amine acid to the Isomeric y-amino acid was, 
for us, a surprise, We noted that conunued heating of (P{ yH),{NH3)}C}, in a drying chamber at 110° did not 
Jead to decomposition of the material. Meanwhile, the anslogous compounds with q-alanine and with a-amino- 


butyric acids turned noticeably yellow (being converted, apparently, into a mixture of [Pt l,{NH,),} and free 
amino acid) oa short heating at 110°. 


Cl, with HCl] a mixture of both theoretically possible cleavage products was obtained, that fs, 


It is of interest to compare in detail the behavior of the analogous compounds of Pt with a-, B-, y-, 
5-, and ¢ -amino acids, For this purpose, we recently synthesized a compound of Pt*® with €-aminocarprole 


acid, 
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ON THE POSSIBILITY OF PREPARING Ba(Og)g 


I.I. VoInov and A.N. Shatunina 


(Presented by Academiciin LL Chernyaev, April 2, 1956) 


Among the many representatives of Inorganic peroxide compounds, a special place fs held by compounds 
characicrized by the presence of the molecule fon Of and known by the name hyperperoxide or superoxide [1,2}. 
| These coinpounds are colored yellow or brown and are paramagnetic, 


The ability to form superoxides is characteristic of the elements of the main sub-group of the first group of 
the periodic system of D.L. Mendeleev, Superoxides of K, Rb, and Cs are prepared by heating them in an atmose 


phere of oxygen; sodium superoxide, is prepared by oxygen ata not lower 
i than 200° and a pressure not Jess than 105 atm. [3}. 


Up to the present, the corresponding compounds of ne alkaline earth nictals have not been prepared by this 
method, Attempis along this Une undertaken by Seyb and Kleinberg (4} did not meet with success, 


i Assuming that the structure of Ba(O,), would be similar to the structure of the known superoxides of the alka 
metals, and on the basis of an approximate evaluation of th: value of log Keo, for the reaction + 


the authors’of the present paper czme to the conclusion that {t was possible for the reaction to proceed at er 
pressures of oxygen and elevated temperatures, 


In order to estimate AH}. 45 for Reaction (1), §t was necessary to estimate only the heat of formation of Ba(Qy)s, 
since the heat of formation of BaQ, fs known to be —151.9 kcal of Ba(O,), was estimated by us as —166.1 
keal by means of the Born-Haber cycle:—AHf Ba(Oy)g = 29 Ba** 2EQ, + U taking AH} = 
= 395.7 keal £5}, Eq = 23 kcal (an average value obtained by means of the cycle for KO, and NaO3), UBa(O,), = 
= 515.8 kcal (estimated using the formula of A.F. Kapustinsky). 


From these data on AHP Ba(O,), and ON} BaQ,, for Reaction (1), SH} = 181.9-166,1 = 14.2 kcal 


In order to estimate for Reaction (1) it was to estimate for and for BaQy. The 


value Ba(Oz) = 28.7 e.u. was estimated graphically from N20, = 27.7 e€.u, and KO, = 27.9 €.u. [7} ace 


51.9 + 140 
cording toS = A log M+B (8k S$ug BaQ, was estimated from data {5,9} using the equation AStse adi. ae 
= e.u., whence = -39.9 + 16 [6] + 49[6) = 25.1 
From these data for Reaction (I) AStzg = 28.7-25.1-49 = —45.4 ¢.u, Substituiing the estimated values in the ee 


equation 


si... AS. 
log Keo, = — 7 + 


the authors wbiained approximate values for the equilibrium pressure of oxygen in Reaction (I) (see Table 1). 


On the basis of these data, a series of experiments was carried out using the apparatus developed by D.S, 
Tsiklls (10}, with which oxygen pressures of 5000 atm, and temperatures up to 500° could be attained; these expere 
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TABLE 1 
Equilibrium Pressure of Oxygen in the Reaction B30, Oy (g) Ba(O,), (8) 


Temp., °C 25 100 200 210. 220 236 250... 308 
Po, atm. 32 18 2200 3150 4230 7278 9750 33600 
tments, which were carried cut by subjecting BaQ, to an oxygen pressure cf 3300 atm, at 210° for 19 hours, re- 


sulted in mixtures of BaQy and 82(Cy), containing up to 10.4 wt.%of the latter, The presence of Ba(O,) was 
established by analysit for peroxide and superoxide oxygen, the anaiysis being carried out by the method of 
Traube (11) using the apparatus proposed by Seyb and Kleinberg [12}. The preparation was Theterogensous, 
The upper layer was colored, and the lower was white. Apparently, under the conditions under which the exe 
periments were carried out, *he reaction proceeds mainly at the boundary between the solid and gas phases. 


The experiments were carried out 1a cooperation with the State Institute for the Nitrogen Industry MKhP 
USSR under the direction of Prof. LP. Krichevsky and Doctor of Chemical Science D.S. Tsiklis, to whom the 
authors express thelr Ceep appreciation, 
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THE EFFECT OF THE MICROSTRUCTURE OF POLYISOPRENE 
ON ITS PROPERTIES 


A.A. Korotkov, K.B. Plotrovsky and D.P. Feringer 


(Presented by Academician V.A. Kargin, March 24, 1956) 


; In contrast to radical polymerizaidon, poly:ners of varying microstructure can be obtained in fonic poly- 
merizations by varying the composition of the catalyst and the reaction conditions; thus, the content of 1,4- 


; isoprene units can be varied from 0 to 94-95%, and, therefore, the total of 1,2- and 3,4-tsoprene units can be 
| varied from 5-6 to practicsly 100% 


Polyisoprene prepared by fonic polymerization usually contains only a small amount of 1,2-uniss, and 
the ratio of cls- to trans-1,4-units can vary within wide mits. As may be seea from the material presented 
below, this latter circumstance does not have a substantial effect on the properties which were of Jaterest to 
us, but it does lead to some scattering of the experimental points. In judging the effect of the degree of rege 
ularity of the microstructure on the properties of the polymers, we considered {t possible to Umit ourselves to 

a single index — the total content of 1,2- snd 3,4-units. This made our problem considerably easter. Infrared 
i spectroscopy in the C—C frequency region (~1000 em™4), which {s used fer the separate determination of cls- 
1,4°, trans-1,4-, 1,2-, and 3,4-isoprene units in the polymer [1-3], is Urtle suited to large-scale tesdin,, and 
we were able to substimte the more practicable and faster infrared method in the region “of the first harmonic 


of the C—H vibration ( ~6000 em”), which permitted determination of the total 1,2~ and 3,4-vnits with an 
accuracy of 1-2%[4}. 


In al] (beginning in 1950) we examined more than 250 sempies of polylsoprene. Navurally, ¢ our chief 
attention was given to the synthesis of samples with minimum contents of 1,2- and 3,4-monomer units as being 
samples of the greatest practical interest, since they approach natural rubber in properties, 


As would be expected, high strength in unreinforced rubber recipes (5 phr magnesium oxide, 2.5 phr® 
stearic acid, 1.5 phr diphenylguanidine, and 3 phr sulfur; 40-80 minutes vulcanization Ume at 142°) was exe 
hibited by those polymers with a minimum content of 1,2- and 3,4-units, f.e., by polymers with the most rege 
ular structure, in which self-reinforcement of the rubber was possible by virme of crystallization or nigh orlent- 
ation of the polymer chains during stretching [5}. At contents of 1,2- and 3,4-units of 5-7%, the rubbers ap- 


apie natural rubber vulcanizates in strength (220-240 kg/sq. cm. for the sexipe given, and reaching 300 
kg/sq. cm. and higher in other recipes). 


Polymers containing from 15 to 65%, 1,2- and 3,4-units did not differ in swength from ordinary synthede 
rubbers of tiie gular microstrucnure (20-50 kg/sq. cm.). With a further increase in the content of 1,2- and 3,4- 
units in the polymer, the rubber again exhibited self-reinforcement during stretching as a result of the greater 
regularity of the microstructure owing to the predominance of 3,4-fsoprene units in the polymer (see Figure 2). 
However, such a polymer possesses little elasticity; the elasticity as indicated by recovery et room temperae 
ture Jevcled out at 5% (see Figure 3), and the relative elongation decreased sharply (sec Figure 2). Polymers 
with a low content of 1,2- and 3,4-units had an appreciably higher elongation at break than natural rubber 
vulcanizates (.ce Figure 2). This is explained by the appearance of the phenomenon of chain orfentation at 
higher strain for those polymers with less regulaz structure than natural rubber. 


The vitrification temperature of lsoprene polymers {increases almost Hnearly with an increase in content 


of 1,2- and 3,4-units (see Figure 4), At contents close to 100% the polymer, both in the vulcanized and fn the 
unvulcanized state, Ss strongly crystallized and fs not elastic, 


*Parts per hundred — Transiatog, 


. 


By Dulk of emuhion polymerization of fsoprene by a radical mechanism, polymers can be obtained containe 
ing approximately equal amounts of 1,2- and 3,4-units, the total of which fs 5-7% and 90-95% 1,4-units, chiefly 
in trans-configuration {3,6}, Such polymers approach gutta-percha in thelr properties, aad the unrel!nforced rubbers 
have relatively high strength characteristics, Meanwhile, they behave as synthetic rubbers of irregular structure. 
This phenomenon can be explained by the following example. 


During radical polymerization, attachment of te lsoprene units to the polymer chain proceeds by the addi- 
tion of a molecule of mo.omer to the end of the growing polymer chain. Consequently, the presence of 1,2 and 
3,4-units in the polymes ta the result of the addidon of the monomer molecules to two forms of tadica ls 


Oy 


Since the contents of 1,2- and 3,4-units In the polymers are approximatcly equal [3,6], both forms of ter- 
mina. groups in the growing polymer chains are present in equal amounis; {in other words, ths successive addition 
of Ssoprene molecules by either the first of fourth atom Is equally probable during polymerization, Therefore, we 
Can conclude that 1,4-ualts of lsoprens in polymers obtained by radical polymerization are added both 1,4 and 4,1 

- with equal probablilty according to statisuical disuibution, Thus, heterogebelty exists in similar polymers with ree 
tpect to “head-to-tsll® and “head-to-head® addition of the monomer units, which leads to {rsegular microstructure, 
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Fig. 3. : Fig. 4, 
In lonfc polymerization, the active center fs a dipole of complex structure, During the polymerization of 


fsoprenc, the small shifting of charges in the monomer molcculcs as a result of the Inductive cifect of the methyl 
group Ms sufficient for oriented addition of the isoprene molecule chiefly through the fourth Carbon atoms 


CH,—-C™CH, f 3,4-units 


Oy cx, addition of 4,1-units 


Tirerefore, In lsoprene polymers prepared by fonie polymerization hetercgeneity with respect to “hesd-to-tall® 
and “head-to-head® addition Is not essentially significant, and, with a low content of 1,2- and 3, S-unlts, they ap- 
proach natural rubber in thelr properties, 
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~ in Cl,SiCH,CH,Cl; however, S-cleavage did not occur here apparently because of the presence In the molecule of 


DEHYDROCHLORINATION OF 

DICHLOROIS OPROPYLTRIGHLOROSILANES 
AND METHYLATION OF 

CHLOROIS OPROPENYLTRICHLOROSILANES 


Associate Member of the Academy of Sciences A.D. Petrov, 
V.F. Mironov and V.G. Glukhovtseyv 


In previous papers (1,2) we reported that, in contrast to B -chloroethyltrichlcrositane which undergoes so-called 
B-cleavage during methylation, : 


Cl, SiCH,CH,Cl 4CHyMgX —>(CH,),S! + CH; =CHy, 


6 methylates without B-cleavage. It was also found that 
(CH,}, SICH = CHSI(CH,);, ts characterized by an unusually high exaltation of {ts molar refraction and by a very 
brosd and {ntense Une at sts Raman spectra at the frequency characteristic of a double bond, These phenomens were 
explained by o~o-conjugation of the Si-C bond with C-Cl or SI-C bonds separated by a muliiple bond, In the 
light of this, we planned 2 route for the synthesis of close homologs uf the above-mentioned compounds, — 


Isopropyltrichlorosilane (I) has been chlorinated previously [4] only with sulfuryl chlorids, yielding a- and 
8 -chlorolsopropy Isilane (II) and (III) ‘in a ratio of 1:3 and ina yield of 33% By photochemical chlorination of 
1-C,H;SiCl, which we carrledout under previously described conditions {5}, the a- and A-fsomers (H) and (I) 
were obtained In a ratio of 121.7 and a yield of 92% Further chlorination of a-chlorolsopropy lwichiorosilens (I) 
with sulfury] chloride led to the only possible dichloride, &-dichlorolsopropy itrichlorosilane (V¥) with a b.p. of 
23-27° (see Scheme 1), Chlorination of B-chlorolsopropyltrichlorosilane under these same conditions would be ex= 
pected to lead to the three dichlerides (V), (VI). and (VII). However, (V) was spparently not formed, since we {20 
Jated only two substances, and both froze below -60°, However, the presence of (V) ia (VJ) in the form of a minoe 
impurity {s not excluded, Dehydrochiorination by quinoline of the three dichlorsides (¥), (Vi), 2nd (Vi) ied to the 
formation of the two theoretically possible forms of chlorolsopropenyluichiorosilane (VII) and (1X). The structures 
of compounds (V), (VD, (VI), (VID, and (IX) were demonstrated both by their method of preparation and by sube 
sequent transformations (see Scheme 1), Methylation of 2-uichiorosilyl-1-chloro-1-propene (VED) and 2-vichloree 
silyl-3-chloro-1-propene (1X) proceeded without any B-cleavage. Especially interesting results were obtained fn 
the latter case where the polar Si-C and C—Cl bonds are separated by a singie, not a multipie,bond, Le., just as 


a multiple bond and o-# -conjugation of it with the C—Cl bond. Moreover, this circumstance {s also dependent ca 
the especially high activity of the chlorine {n the B-position, which Is easily substituted by a methyl radical, Cone 
densation of a-methy!l-§ -chloroviny lurimethylsilane (XD) with timethylchlorosilans In the presence of sodium gave 
(XII), This closest homolog of the previously synthesized 1,2-bis(trimethyle 

silyl)-ethylene [1,2] also exhibited considerable exaltation, 
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The dehydrochiorinailon of compounds (1!) and (1M) with aluminum chloride also gave interesting results, 
The -chloride formed only a heavy oil (apparently the product of polymerization of {sopropenyltichloro- 
silanc) even when the process was carried out in a vacuum. Upon distillation with a catalyde amount of AlGh, 
the g-chloride (if) [s converted to (IV) in 44.5% yield, but a-chlorocthy lirichlorosilane under analogous conditions 
formed vinyltrichlorosilane in an overall yield of only 15% It was furtier shown that the a-chloride (I) is de 
hydrochlorinated with a 21.5% yield even by quincline, while q-chioroethyltrichlororilane whens acted upon by 
quinoline forms vinyluichlorosilane with 2n overall yleld of onty 10% All this attests to the greater tendency 
toward cleavage possessed by the chlorine attached to a tertiary a-carbon in comparison with a secondary a-care 
bon. By adding chlorine to (IV) we obtained the dichloride (V) which had properties identical with those of the 
dichloride obtained by chiorination of compound (If). However, the freezing points of these dichlorides (V) od- 
tained by these different routes differed by ~19°, probably owing to a snail] amount of impurities, It should sho 
be noted that the substances prepared by dehydrochiloruatioa of (¥) and (VI) differed somewhat with respect to 

nj}. bet had completely Idendca! Raman spectra (determined by Yu.P. Egorov). In Table 1 are presented the 


seed properties and analyses of the ee synthesized (compounds marked with an asterisk were prepared 
for the first eis 


EXPERIMENTAL 


Cl,SICH(CHy) 1-C,H;MgBr, prepared from 146 g Mg and 780 g fsopropy] broe 
raide in 1.5 liters of ether, was added with cooling and vigorous stirring to 1555 g of SiCl, in 0.5 ree of ether 
in a 4-liter flask, Or the following day, after beiling for 1.5 hours, the contents of the Mask were filtered from 
the magnesium salt and washed twice with fresh ether. Distillation ia a column gave 536 g of (I); bp, 119-120°, 
a-Chiorolsopropy luichloresilane CLSICCKCH,), (0). -Chlorolsopiopy luichlorosilane CLSICHCHYCH,C)) (HT). 
1051 g of (1) was placed in the flask of the apparams [S} Chlorination was carried cut at a temperature fn the 
flask of 148° and required 63 hours, Disiiilation of the 1170 g of product gave 230 g of the ociginal (I), 340 g 
of (x1), b.p. 151°, and 560 g of (Il), b.p. 164°. There was 33 | 8 of | kettle residue, 

. Ysoprdpyltrichlorosilane Cl,SiIC==CH, (1V). A. A mixture of 74 g of (1) end 64 g of quinoline was dis- 

ul) ed at the usual rate from a flask ata temperature of 220°, Distillation of the distillate in a column gave 13 
g (IV), b.p. 115-116°, and 21 g of the original (i). 


B. 73 g of (I) was distilled at the usual tate from a flask in the presence of 1 g of AIC). Distillation of 
the distillate in a column gave 27 g of (iV), b.p, 116°, and 6 g of the original (I). 


a,8 (V). A. A mixture of 230 g of a-chloride (I), 


155 g of SO;Ch, and 0.5 g of benzoyl! peroxide was heated for 10 hours until the evolution of gas ceased, 0.5 g 
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portions of benzoy! peroxlds were added twiee dur's the course of the reaction, Distitation Ina gave 
10 ml of 100 g of the orlginal a-chiorids (11), and 92 g of the dichloride (V), $88.5°, 1.4845, 
m.p. 23 to 27°, There were also 31 g of bigher boiling Nquid and 10 g of kettle residue, 


C. Chiorine was passed for 20 hours through 59 g of (IV). A sharp evolution of heat occurred periodicale 
ly. scam after obtaming the theoretical welght increase, gave 76 g of the dichloride (V), b.p. 193° 
(752 mm). nb * 1.4840. However, it melted at —7 to +13°, due, probably, to a small amount of impurities, 


1,1 -Dichloro-2 -(trichlorosily!)propane (VI), 1,2-dichloro-2 {trichloros!lyi)propane 
CLSICH(CH,Cl)y (VI). A mixture of 303 g of the 6 -chlonde (III), 230 g of SO,Ck,, and 0.5 g of benzoy] peroxe 
tde was hested for 8 hours, 0.8 g portions of benzoyl peroxide were added twice when gas formation abated, 
Distillanon in a column gave 67.6 g of the original (II), 116 g of the dichloride (VI), b.p. 192.5°, and 117 g 
of the dichloride (VIZ), b.p. 205°. The kettle residue consisted of 20 g of tur. The dichloride (VI) did not 
crystallize on being cooled to —50*, 


a-Methy1-8 -chlorovinylirichlorosilane (VIN. A. A mixture ef 80 g of dichloride (Vv) 


CH, 
and SO g of quinoline was slowly distitled from a flask. The disullate was filtered from the salt floc and dis- 
tilled in a column, 18 mlof SiC\, and 24 g of compound (VID), b.p. 154-154.5°, were obtained, 


B. 8 ml of SiCl, and 24 g of compound (VIII), b.p. 153°, were obtained In a similar-manner from 116 g 
of dichlonde (VI) and 73 g of quinoline. The yield was 29.5% Raman specu of this compound were in com- 
plete agreement with the spectra of compound (VI) obtained in synihesis A. 


3 -Chioro -2 {trichlorosilyl)-1 -propene CHC (1x). 36 g of (1X), b.p. 154°, was obtained by s 


CH 
similar method from 117 g of dichloride (VII) and 73 8 of quinoline, 


@-Ethylviny lei methyisilane (X). To CH;MgCl, prepared from 15 g of Mg in 0.25 


Hy 
iter of ether, was added 35 g of (LX). On the following day, the contents of the flask were bolied 3 hours and 
thea decomposed with water. After drying with CaCh, the ether layer was distilied in a column to yield 9.8 g 
of (X). 110°, 


a-Methyl-8 -chloroviayltrimethy lsilane (XX), 51 g of (VIII) was to CHMgcl 


i 
; 


prepared from 23 g of Mg in 0.5 liter cf ether. After the usual treatment, 23.4 Aa (X1) was obtained, d.n. 
137.5°. 


1,2 (XT). 10 g of Na was melted in 60 ml 
CH; 


of boiling toluene and broken up inte a fine dispersion by a high-speed stirrer, After cooling, the toluene was 

decanted. and replaced by 200 ml of ether. 20 of (CH), Si}, 1 m! of ethyl acetate, and ~6 ml of (XI) were 

added to the flask. After initiation of the reaction, 22 g of (XI) was added. After boiling for 5 hours, the con- 
tents of the flask were filtered from the salt, which was washed with fresh ether. Distillation in a columt -_ 
16.5 g of the disiliue (<m), b.p, 143.5° mm). 
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SOME DERIVATIVES OF DISILANEPROPANE 


Academician A.V. Topchiev, N.S. Nametkin, T.1. Chernysheve 
and S.G. Durgaryin 


In 1947, a new method was reported for the preparation of organosilicon compounds containing a carbon 
bridge between two silicon atoms {1} Elexachlorodisilancethane and were by 
the authors according to the following schemes 


_C1,SICH = CHy + HSICL, Cl,SICH,CH,SICly, 
C1,SICH,CH = + HSICL, —» 


| In 1953, an {nvestigation [2] was published in which was described the preparation of organosilicon compounds 
i by the reaction of alkylvinylsilanes and alkylarylvinylsilancs with trichlorosilane.in the presence of acetyl peroxides 
RsSICH r= + HSICl, ~ R,SICH,CH,SiCle 

CH = CH, CH,CH,SiCls 

4 

CH = Cll CH,CH,S!Cls 

5 

} 


It appeared to 1s to be of intercst to study the reactions of different allyisilanes with silicon compounds cone 
taining an Si~H tend. The syntheses were carricd out according to; 


A;SiCH,CH = Ci, ¢ HSIB, —> 
where A Is C,H. of Cl; B is Cl or C,H;. 


The investigation showed that the activity of the dcuble bond In allylsilence toward addition reactions de- 
pends on the nature of the subsiituent atoms and groups bonded to the silicon. Thus, there was practically no reace 
tion when was attermpicd to ccact trimethylallylsilane and tiethyJallylsilane with trichlorosilane In the presence 
of benzoyl] peroxide 2. 50°, Under the same conditions with uibutylallylsilane, the yield of addition product was — 
13% Products of the aduition of trichlorosilane to uimethylallylsilane and twiethylallylsilane were prepared only 


in an autoclave at a temperature of 100-120°; however, in this case the ylelds were very small, 2.5 and 10%, re- 
spectively. 


These data indicate that the activity of the double bond fn the ally] group increases with an {ncrease fn the 
size of the organic radicals in the trialkylallylsilanes. Upon substitution of the alkyl radicals In wiatkylallylsilanes 
by substituents having an clectroncgative characters (pheny!] radical or chlorine), the double bond In the allyl rad- 
ical becomes sill more active. Thus, the reaction of trichlorosilane with pheny!dimethyJallylsilene gave phenyl- 


dimethylwichk..disilanepropane in 22% yleld, and the reaction with trichloroallylsilane gave hexachlorodisilane- 
propane in 62 * yield, 


Similar results were obtained in reactions of allyl derivatives of silicon with alphenylsilane, Trimethyltui- 
phenyldisilane propane was obtained in 2.8% yield by the reaction of triphenylsilane with wimethylallylsilane, and 
hexaphenyIdisilanepropane was obtained in 36% yield from wiphenylally bilane, 
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~ A series of hexaalkyl derivatives of distlanepropan: was obtained by the reaction of chloro derivatives 
of distlanepropane with Mdhium alkyls, 


EXPERIMENTAL 


The allyl derivatives of silicon were prepared by the reacticn of allylmagnesium-bromide with silicon 
tetrachloride of The properties of trichloro~ “2, trimethylaliylsilane, triethylallyle 
silane, end tributyla)ly!silane agreed with the Hterature values The pro; -rties of phenyldimethylallyle 
silane and triphenylallylsilane differed somewhat from those given in the Mter. ure (4,5) 


38 g (61.7% yield) of phenyldimethylallyisilam was peepared from 60 g of 
245 5 of magnesium, and 121 g of ally] bromide: b.p. at 4 mm; 0.8915; 
nh) 1.5069; found MRp 58. calculated for CyHyySi 58.74, 


Found % C 75.05; 74.80; H 9.16; 9.14, CyHySi. Calculated % C 74.96; H 9.15. 


Triphenylallyls lane. From 57 g of tiphenyichlorosilane, 20 g of magnesium, and 100 g of ally] bro- 
mide was cbtained 23.5 g (40.7% yield) of uiphenylallylsilane: b.p. 190° at Simm; m.p. 90-91%. 


Found 9 C 83.41; 83.58; H 6.54; 6.43. C,,H3,Si. Calculated % C 83.95; H 6.70, 


Hexachlorodisiianepropane. A mixture of 10 g of allyluichlorosilane, 20 g of trichioros{lane, and 0.5 g 
of, benzoyl peroxide was heated for 18 hours at a temperature of 40-60°. 11.2 g was obtained; yletd 62.2% 


Trimethy ttrichlorodisilanepropane, mixture of 65 g of 487 g of wichlorosilane, 
and 5 g of ieee peroxide was heated for 18 hours in an autoclave at a temperature of 100-120° and a pres- 
sure of 300 atm. 2.0 g was obtained; yield 2.5% 


Triethy ltrichlorodisilanepropane, A mixture of 92 g of triethyla}lylsilane, 540 g of ang 
10 g° of t benzoy? peroxide was heated for 12 hours in an autoclave at 100-120°, 7 g was obtained; yield 10% 


Tributyltrichlorodisilanepropane. A mixture of 47 g of tributylailylsilane, 82 g of trichlorosilane, aud 
5 g of benzey] peroxide was heated in a flask at a temperature of 40-60° for 18 hours. 10 g was obtained; 
yield 13.2% 


A mixture of 38 g of dimethyIphenylallylsilane, 55 g of tri- 
chlorosilane, and 4 g of benzoyl peroxide was heated for 16 hours ata temperature of 40-60°, 13.6 g was ob- 
teined; yle 1d 22% 


Hezamethyldisilanepropane. 18 g of hexachlorodisilanepropane was added to methyllithium prepared 
from 15 g of lithium and 1£3 g of methyl lodide in 400 ml of ether. The reaction mixture was heated for 8 
hours on boiling water bath, "9, 2g wasobtained; yield 5% 


Hexaethyldisilanepropane. 16 g of triethyl was added to ethyl Lithium | prepared 
from 7 g of lithium and 54 g of ethyl bromice in 200 ml of ether. The reaction mixture was heated ‘tei 19 
hours ona boiling water bath. 12 g was obtained; yield 81% 

14 g of was added to butyliithium prepared 
from 9 g of Lithium and ©S g of bury] bromide {n 300 ml of ether. The reaction mixture was heated for 6 hours. 
10 g was obtained; yield 60.9% 


Hexaphenyldisilanepropane, A mixture of 10 g of tiphenylallylsilene, 25 g of triphenylsilane (m.p. 43°), 


and 1 g of benzoy] peroxide la 100 ml of normal heptane was heated for 10 hours at 100°. 6.8 g was cbiained; 
yield 36.4% 


A mixture of 20.5 g of timethylallylilane, 44.8 g of tiphenylsilane, 
and 3 g of benzoy! peroxide in 200 ml of normal hepiane was heated for 28 hours at 60° and 10 hours at 100°, 
1.8 g was obtained; yield 2.8% 


The anaiyses for halide were csrried out by LL. Karelova, 
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SYNTHESIS OF CHSORIDES OF THIOPHOSPHINIC* ACIDS 
([RPSCl, and RsPSCI} 


‘Assoclate Member of the Academy of Sciences M.I. Kabachaik 
and N.N. Godovikoyv 


Up to the present, acid chlorides of thiophosphinic acids [thiop rospherus acids} have been difficultly s- 
vallable. A basic incthod for their synthesis been the addition of sulfur to a chiorophospnines 


RPCh + RPSCh. 


The sulfur donors usually used are elemental sulfur [1], PSC), [2], S,Cly [3]. and This reaction 
is sometimes carsted out in the presence of a catalyst, such as AIC, FeCl, ZnCh, or BFg [4]. The preparstion 
of ethylthlophosphony] chloride by the action of hydrogen sulfide on a complex of phosphorus trichloride with 
etiyl chloride and AICI, has been described [S} a? 


[AICL]T + (HAICK, + PCL SH] 


We may also mention the synthesls of B-alkoxyvinylthiophosphony] chlorides by the acticn of hydrogen 
sulfide on the addition product of phosphorus pentachloride and a viny] ether [6¢ : 


ROCHCI CH,PCL* + ROCH == CHPSC), + + SHCL 


In addition, the preparaticn of acid chlorides of thiophosphinie acids (thiopbesphorus acids] by a Friedele 
Crafts-type reaction, for example, from toluene and PSCk, has been described [7} 


4. PSCly CH PSCls + >), psa. 


However, al! of the enumerated methods are rather unsatisfactory owing to the lack of avallabiiry of the 
initial chlorophosphines or to the low yields cf acid chisrides of thiophosphinic acids [thiophosphorus acids}, 


In the present paper, a method §s described for the preparation of acid chlorides of thiophosphinie [thioe 
phosphorus] acids from the acid chlorides of the phosphinic [phosphorus] acids RPCC1, or R,POCI, which are 
comparatively more available compounds than the chlorophosphines, We found that the subsditution of sulfur 
for oxygen with the formation of the acid halides of the thio acids proceeds smoothly by the action of phosphorus 
pentasulfide on the acid chiorides of the phosphinic [phosphorus] acids in the temperature interval 135-160": 


SR — PaO, 


* Translators note: “Thiophosphinic™ §s term used by the authors, apparently as generic for both thiophosphinic 
and thiophosphonic, 
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‘constants of these substances are presented in Table 1 


We synthesized by this nicthod methyl-, chloromethy!-, ciliyl-, propyl-, cyclohoxyl- and phenylphose 
phony! chlorides and also chloride with ylolus ef 53 to ESGof theoretical, All 
of the acid chlorides prepared wera characterized by conversion to the corresponding mono- or dlenilides, The 


TABLE U 
Analysis, % 
; H P 8 
"S Cc qu J 
3 
CH,PSChy — | 1.5520 2.04 2.4 —| — — | 
it 
| 433 - 6.7] 4.6 10.8 
6.7) 
3.3 
S PSNHC,H, — | — antJst, asl 
s7—-88 | 3 }1.4042] gS 2.61 2.4) ~ 
2 
CHP SNHC om 475896 pusat. $.2) 9.3 9,5) 9.5% 0.8 


*Srom b.p, 88,5-89°/46 mm; nj 1.5440; 1.5550, 
**From [Sk 112-214, 

**¢From {ik b.p. 88-90°/50 mm; 1.3018 

{2k b.p, 150°/26 mm{2} 1.376 (18) 


In the calculation of the molecular refractions of these acid chlorides, woe at first used 4.27 as the walue 
of the atomic refractivity of phosphorus in alkylphosphinie acids [8], 4.85 23 the atomic refractivity of phospho- 
tus In dlalkyliphosphinic acids [9], 9.70 for sulfur {10], and 6.336 for chlorine in acld chlorides Using these 
values, exaltation of the molecular refraction was relatively constant and averaged 0,83, as may be seen from 
the data of Table 2 


Condidering the ease with which the atomic ree 


—. fractivity of sulfur is affected by constitutive effects, we 


assumed that in acid chlorides of thiopnesphinie [thie- 
pasphorus] acids the atomic refiacdvity of sulfur should 
Formula Found be taken, not as 9.70, but as 9.70 + 0.83, Le., 30.53, 
eke! aMRp| MRp | axRy With this change, as may be seen from the data of Table 
2 (last two columns), good agreement was obtained bee 


tween the found and calculateé molecular refraction, 
| BS) 823/88 | 
Rel | Methyl~ [11], chloromeshyl~ (12), ethyl~ [13} 
ss.cs| | 54.08) 40.08 chlorides and methylcyclohexylphosphiny] chloride [16] 
CH,f ‘ ; ¢ 2 were used as the starting materials for the syntheses of 
“Average | | | 40,06 ‘he acid chlorides of thiophosphinie (thiophosphorus) 
509 
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acids®, 


The propylphotphony] was prepared by heating the dlethy! ester of propylphosphonte acid with 
phosphorus pentachlorida at 1410-160" for 2 hours with ous distitation of the plosphory] chloride 


formed, The yleld was 00% 61-64,5°710 mm; nj 1.4690; 1.3148, detas 88-00°/50 
min; 1.2088, 


Acid chlorides of thlophosphtnte (hiephosphors) acids, A mixture of 0,1 mole of the acid chloride of 
i the phosphiltite [plospherus} acid and 0,025 mole of PSs was was heated at 135-160" In an atmosphere of CO, for 
A-t hours, after which the Hquid was distilled, washed with cold water, dried over calcined sodium sulfate, 


and distltled under vacuum, The ylelds, constants, and analytleal data on the acid chlorides prepared and of 
thelr anilides are presented In Table 1, 
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THE SIMULTANEOUS DETERMINATION OF OXYGEN AND HALIDES 
(CHLORINE, BROMINE, AND IODINE) IN ORGANIC COMPOUNDS 


M.O. Korshun and E.A. Bondarevskays 


(Presented by Academician A.N. Nesmeyanoy, April 18, 1956) 


In the course of an Investigation of a method for the direct dcterinination of oxygen based on the method: 
vf M.O, Korshun [1-4], we found the direct simultaneous determination of oxygen and halide to be possible, 


As is well known, the essence of the direct determination of oxygen ts thermal decompositios, of the 
material in a stream of nitrogen, conversion of all the oxygen to CO over incandescent carbon, further oxids- 
tion of the CO to CO, and gravimetric or volumetric determination of the oxygen. Depending on the elemeén- 
tal composition of the compounds to be snalyzed, other compounds, {n addition to nitrogen and carbon monoxe 
ide, are found fn the gascous effluent from the reaction tube, a.nong them acidic gaseous decompasition pro- 
ducts, Since acid gases, for example hydrogen chloride or gaseous chlorine, can interfere with the determinae 
tion of oxygen, it ts necessary to remove them from the mixture of gases prior to oxidation of the COtlo CQ, 
in the oxidizer. Therefore, directly after the decomposition products, in admixture with nitrogen, leave the 
reaction tube, they pass through an alkaline absorbent where they are freed from acidic components, 


Proceeding on the assumption that during the decomposition of halogen-coutsining compounds composed 
of C, H, O, and Hal in the presence of a sufficient amount of hydrogen the halogen must be liberated {n ths 


‘form of hydrogen halide, that is, a substance which has an acid character and is absorbed by alkali, we cone 


ducted experiments on the s{multancous determination of oxygen and halide, The determination was cartied 
outin the following manner, A welghed sample was subjected to pyrelytic decomposition, The determination 
was carried out In a quartz tube, as in the determination of carbon and hydrogen by the rapid method [4}, snd 
the active decomposition products, which react more easily and rapidly with carbon than do the vepors of the 
origina) material, acted on the catalyst (platinized carbon, heated to 900°), This made it posible to decrease 
the carbon layer to 3 cm (Oita [5] used a contact layer 9 cm Jong) and to cortesponcingly decrease the length 
of the heating zone. The decomposition products were carrled by the stream of nitrogen Into the absorption 
apparatus, which was filled,as !n the determination of C and H, with ascarite and anhydrone, where the hydroe- 
gen halide was absorbed, The carbon monoxide was then passed to a copper oxide tube heated to 100° and oxe 
idized to CO,, which was absorbed in the same absorption apparatus as was the halide previously. The oxygen ~ 
was determined by the welght of the CO. The results, obtained in this manner, of the simultaneous determine 
ation of oxygen and halides are presented In Table 1, 


Since the formation of hydrogen halide is due to the hydrogen formed in the reaction tube by the decome 
posidion of the material being analyzed, as would be expected, in the analysis of material which does not cone 
tain hydrogen or which contains It in insufficient amount, difficulty was encountered, In these cases, the oxygea 
determination was good, but the results for halide were quite a bit too low. As we established later, a conside 
erable portion of the halide was retained by the carbon, and was slowly and {incompletely recovered even on 
lengthy passage of nitrogen through the reaction tube. This difficulty was overcome by the addition to the 
substance being analyzed of a material with a high content of hydrogen (for example, paraffin). This proved 


to be sufficient for quantitative Hberation of halide in the form of hydrogen halide, -It was also shown that, 
during the decomposition of the weighed portion of parafiln, the halide previously retained by the packing was 
quantitatively recovered from the reaction tube, Thus, for example, during an analysis of hexachlorocthane 
conducted as usual, 57.06% chlorine was found instead of 89.89% Subsequent passage of nitrogen through the 
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TABLE 1 


Weight, Wt mg O, Cl, 
ing COQ, found {difference 


Material 


a 


Dimethyl ester of 4-chlozo-5- 


hydroxy -1,2-decalindicare 
boxy le acid, 10,120 | 7.368 1,217 26,58 ~0.22 11.69 ~0.29 
(11.89% Ck 26.80% O) 10.318 | 7.506 1,233 26.44 —0,36 11.62 -0,27 


~Methyl-w"-dichloroe uty lene - 
a-pytone, (34.64% 


Cl; 15.61%0Q) 13.582 | 6,082 4.818 15.96 +0.35 | 34.51 ~-0.13 
Trichtorovaleric acid, CgHyO,Cl, 12.883 | 5.654 | 6.837 15.88 +0,27 51.83 —0,13 
(51.96%Cl 15.61% 0) 8.514 3.632 4.631 15.51 | 51.70 —0.28 
Chiorotridecanole acid, 

(14.294 Ch. 17.916 | 6.231 2.718 12.65 14.64 + 0.35 

12.8870) 


TABLE 


| Weincrea:= 

Material mg co, | Hat Sg 

Hexachloroethane, C 9.96) — — 15.76%) — — | 58.43}—31 46 
(83.89% Cl) 6.027] — — {3.445 — — | 57.06} 32.8 
5.839; 6.757) — | 5.46, — — 189.00] —0.84 
5.276} 6.272] — | 4.802) — — | 89.20) —0.t9 
6.735] 8.355, — | 6.24) — 89.09) —0.80 
Tetrachicroethylene, 7.746} 4,208] — | 6,782) — — 85.45} —0.33 

(85.53% Cl) 

odobenio 9.484] — | 3.278) 4.294) 44,92] —6.23 
(51.205 12.90% 10.270] — | 3.7191 4.601] 13.17] 40.27] 44.45] —6.75 
§.440] 7.638) 2.9911 4.394] 54.62] +0.42 
9,084 | 4.285] 3.482] 4.701} 12, 51.35] 40.56 
Bromobenzole acid, 8.823) — | 3.997] 1.846] 16.28) 40.35] 
(39.77% Brz 15 8.7341 4.366] 3.800] 3.493] 15.22}—0.11] 39.48} — 0.29 
8.420] 4.204] 3.626] 3,462] 15.66|—0.27! 39,.66]— 0.48 


reaction tube four Umes for 30 minutes gave, respectively, 4.19, 4.65, 5.74, and 0.00% chlorine for a total of 
71.58%, which fs 18.31% less than the calculated value. Some paraffin was then decomposed in the reaction 
tube, and 2n amount of halide corresponding to 18.08% of the chlorine, based on the weight of the hexachloro- 
ethane previously decomposed, was recovered, Result which were too low by several percentage units were 
also obtained in the determination of iodine in fodobenzoic acid, In this case, Uberation of elemental fodine 
Was Giscived Guiing decomposition of ihe satupie, the iodine being cadly cctectable by thse violet color of 

the vapors Issuing from the reaction tbe, Decomposition of fodobenzoic acid In the presence of paraffin gave © 
correct results for both elements determined, ‘The results of ths determinations of halide and oxygen in the 
presence of paraffin are presented in Table 2, 


Tue possibility of directly determining oxygen and halide simultaneously was first er plished by us, The 
halice can also be determined volumetrically, This extends considerably the application of the method, Moree 
over, in the presence of a sufficient amount of hydrogen and under the same conditions, ft ls apparently pose 
sible to determine oxygen, and halide, 
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CONDENSATION OF ALDEHYDES WITH ACETIC ANHYDRIDE IN 
THE PRESENCE OF BORON ACETATE 


V.K. Kuskov 


(Presented by Atademician S.L Volfkovich, April 18, 1956) 


The Perkins reaction (the synthesis of cinnamic acid and analogous syntheses) is Interpreted by coniem- 
porary theory as a unique, individual caso of crctonic condensation In the presence of a nucleophyllic reagent 
(usually a salt of the corresponding carboxylic acid{1]). It is still not clear why in the best variation of this 
.. reaction noi less than a molecular amouat, with respect to the aldehyde reaciant, of the salt of the acid fs ree 
‘a 


quired; i.e., it is not clear whether, in the classical synthesis, the sodium or potassium acetate fs the catalyst 
and the actic anhydride the reagent or the potassium scetste is the recgent and the acetic anhydride is see 
quired to de up the water libereted by the reaction, 


1 It has been established that the salt can enter into the Perkins reaction, for example, fa the condensation 
of p-chlorobenzaldchyde with potassium acetate, and even acetic acid can enter directly into «.s reacdon [Z}. 
Recently, G.P. Miklukhin showed that the condensation of benzaldshyde with lead acetate is possibie [33 


Universally accepted theory, based on numerous experimental investigations, proposes that acede anby> 
| dride is the reagent In the classical variant of the Perkins reaction, although there {s no direct proof of this up © 
to the present, Attempts to carry out the synthesis of cinnamic acid in the presence of an acid are not described 


in the literature, although it {s well known that crotonic condensation proceeds successfully io the oresence of 
an acid fa many cases, 


In the present work, we carried out the coadensation of benzaldehyde with acetic anhydride, as well as 
some analogous condensations, in the presence of “boron acetate®, Le., the tetraacetate of dibonie acid [mesoe 
boric acid} (CHCOO)280R OC OC which is prepared by the reaction of boric acid with acetic enhy- 

dride [S}. This compound is an aprotonic [Lewis] acid, stable in an acetic anhydride mecium., The reaction 
proceeds homogeneously, and cinnamic acid is obtained in a yleld of 75% The amount of boron acetate is 
small, 0.1 of the weight of benzaldehyde; larger amounts decrease the yieid of cinnamic acid and increase the 
yield of tarry products. Benzaldehyde does not condense directly with boron acetate. On heating a mixture of 
these reagents to 160-180°, a little cinnamic acid is obtained nevertheless; it is obvious, therefore, that above 
} 123° boron acetate decomposes, and the decomposition products contain acetic arhydride which reacts wich the 


benzaldehyde, Thus, boron acetate is ¢ catalyst. Acetic -~hydride is consumed in accordance with the reace 
tons 


C,H + &CH,CO), O C,H,CH = CHCOOCOCH, + 2CH,CCOH. 


It {s necessary to distill off the acetic acid formed during the course of the reaction; otherwise, it {s necessary 
to increase by 1-2 times the amount of acetic anhydride, and the yield is decreased to 30-40% 


In contrast to the classical Perkins condensation, the reaction products do not contain unreacted benzale 
dehyde, but they do contain a light brown tar. The cinnamic acid was separated by extracting several times 
with 50% methanol, or aqueous methanoi was added to hydrolyze the acetic anhydride, and the clnnamic scid 
was obtained by distilling the mixture under vacuuin, At the conclusion of the reaction, the mixturs can bs 
treated with an alcohol to obtain the cinnamic acid ester. The tarry materia] obtained in the condensation fs, 
at least partially, a product of the polymerization of cinnamic acid, as was shown by the following method, 
After exhaustive exiraction of the cinnamic acid with 50% methanol, the tarry products were distilled usdes vace 


; 
- 
| 
: 
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| 


uum; the distillation products contalned en apprectabls of clnnaimle actd which appsrently was the 
result of Extraction of the tarry reaction products with hot 10% sodlum hydroxids produced 


sour behzole acid 


By analogy with che catalytic action of otlies aprotonte (Lowls} acids, the following mechantsin of the 
catalytic action of boron acctate can bo proposed. The formation of the addidion product 


Se 


promotes the splitting of a proton from the imethy} group and, thereby, an aldol condensation, Le., the first 
stage of the reaction; the acetic anhydride promotes the climination of water with the formation of cinnamte 
acid. im-Nitrocinnamic acid and the azolactonc from benzaldchyde and hippuric acid were similarly prepared 
in the presence of boron acetate, Boric oxide can be used In place of boron acetate, the boric oxide, In con- 
formity with literature data, being converted to boron acetate in the teaction mixture by reaction with the 
acetic anhydride, 


Analogously to the Nef seaction [7], graduai beating of Scania with boron acet«te to 180° while 


distilling off the acetic acid also yiclds cinnamic acid; however, the yicid docs not excecd 


—>Cu,CH = CH COOH + CH,COOH 


EXPERIMENTAL 


Cinnamic Acid, 10.6 g (0.1 mole) of benzabdchyde, 20 g (0.2 mole} of acetic anhydride, and 1 g of 
boron acetate for 0,45 g of boric oxide) were heated for 3 hours (4-S hours with boric oxide) in a flask equipped 
with a herringbone dephlegmator (10 cm) on a sand bath the distillation u-mperature was 120-122*, When 
the temperature In the flask reached 180°, the reaction was stopped; the resiuue in the flask was boiled several 
times with 20 ml of 50% nxdianol, filtered, aud the cinnamic acid crystallized, 10.7 g was obtained; the 
a was 72% B.p. 132°. In another variation, afzer distilling off the ocetic acid, the residue in the flask was 

xed with 4 ml of methanol and $ mi] of water, heated 0.5 hour, and disd lied under vacuum colketing the 
hittin at 170-200° at 25 mm Hg (partial decomposition occurred at the end), The cinnamic acid was “wathed 
with water and dried, 11.1 was obtained; the yield was 75% 


Butyl clnnamate. The reaction was carried out as Indicated above. After distilling off d:2 acedec acid, 
the residue was heated (with a water trap added to the apparatus) while adding dropwise 25 ml of butyl alcohol 
over a period of 12-13 hours, the heating being conducted so that the temperature (180-200 ‘Interva?) did not 
drop below 180° for 10 hours. About l mi of water wrscéliected. The reaction mixture was diluted with bene 
zene, weshed with a 3%solution ef soda, diluted with water, dried, and distilled under vacuum collecting the 
froction boiling at 145-150 at 7 mm. 11 g (54% of butyl cinazmate was obtained. Amyl cinnamate was pre- | 
pared similarly. 


m-Nitrocinnamic acid. 7.6 g (0.05 mole) of m-nitrobenzaldchyde, 15 g (0.15 mok) of acetic anhydride, 
and 2 g of boron acetate were heated on the bath for 13 hours to a temperature of 180°, The reaction mixture 
was cooled to 80° and decanted into 50 ml of water. The residue was dissolved fn 100 ml of 3% ammonia, file 
tered, acidified with dilute sulfuric acid, filtered, washed with water, and crystallized from alcohol 6.6 8 
(774%) of m-nitrocinnamic acid was obtained; m.p. 193-194", 


2-Phenyl-4-benzaloxazolone, 9 g ¢0.05 mole) of hippuric acid, 16 g (0.15 mole) of acetic anhydrides, 
5.3 g (9.05 mole) of benzaldehyde, and 1.9 g of boron acetate were hested 2 hours on a boiling water bath. 
Further treatment was carried out as usual [8], Tue yield was 7.3 g (62%; m.p. 165-165" (from benzene). 
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A SYNTHESIS OF ALICYCLIC 1,6-DIKETONES BASED ON 
MONO- AND DIARYLIDENECYCLANONES 


M.N. Tillchenke and V.G. Kharchenko 


(Presented by Academician I.N. Nazarov, May 5, 1958) 


Until recently, alicycile 1,5-diketones of the form 


were unknown. There have recently been described syntheses of several compounds of this type based on the 
condensation of cyclohexanone with formaldehyde [1], benzaldehyde and furaldehyde (2) and on the conden- 


sation of a series of cyclanones with uloxymethylene {3} Further study of this group of interesting organie 
compounds requires, first of all, expansion of methods for thelr synthests, 


Below are described syntheses carried out by us according to Schemes (1) and (2% 


(nem Th an). 


om, 


Both reactions proceed easily and quantitatively, ‘fhe first of them can be considered a3 a dimerization 
of a-monoarylidenecyclanones, Such a conversion of these compounds {3 not described fn the Nterature, The . 
addition of cyclanones to diarylidenecyclanones also has not been studied by anyone. The type of reactions 
cited above {s Hmited to the addition of only one molecule of cyclohexanone even when a large excess of the 
latter {s Introduced Into the reaction mixture. A second molecule {s added only under more severe conditions, 


Cyclohexanone adds quite smoothly, molecule per molecule, to dibenzylNdenecyslopentanone with the 
formation, obviously, of the diketone (IZ), 


3 | 


However, the addiden of cyclopentanone proceeds Jess sinoothly, and wo have as yet been unable to obtein the 


The structures of (1) and (IT) were confirmed not only by the method of synthesi according to Scheme 2 
but also by a scrics of transformations, Thus, both diketones casily form dloximes on reaction with hydroxyl- 
ainine, On dry disullation at 245°, they split according to Scheie 3, which fs the reverse of thelr synthesis 
according to Scheme 2, Such a type of therinal splitting is characteristic only of 1,5-diketones(4-6} In the 


case of (if), the presence 


of a double bond In an @,8-position to the CO group was demonstrated by the addition of one molecule of cy- 
chlohexanone under conditions of the Michacls reaction, - The compound formed in this reaction was also ob- 
taincd by the addition of two molecules of cyclohexanone to difurfury dcnecyclhexanones 


4 


i 

Oo 
Ar-CH _| | 
6 


The diketones (1), (II), and (LJ) are similar in physical characteristics: they separate from atcohol In the 


. form of long prismatic rods which are readily soluble in benzene, difficultly soluble in alcohol, and very slightly 


soluble in petroleum ether, 
Thus, the mono- and diarylidenecyclanones, which are widely avaiiable, can serve as the basis for the 
synthesis of a large group of polycyclic 1,5-diketones, 
EXPERIMENTAL 


Synthesis according to Scheme 1. The a-arylidenccyclohexanone was dissolved In the minimum volume 
of 1 N aicoholic NaOH, After several hours, the solution congealed into a crystallizing pasie, The crystals 
were filtered and washed with alcoho} and then with water. The yield of (1 and (il) was quantitative, 


°The brackets Indicate that the uiketone is, possibly, only an Intermediate compound, tince, according to the 
rule of Rabe [9], it can lsomerize into the corresponding ketol, 


i | 
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Synthesis according to Scheme 2. A mixture of the diaryldenecyclohexanone (1 mole), cyelohuxanone 

(1 mole), and 1 N slcohvlic NaOil, taken fn the amount required for the solution of the diarylidencketone, was 
heated (5-6 minutes) until a homogeneous solution was cotained, The solution was then maintained for some 

time at 0°, In the experiments with dibenzylidenecyclohexanone, the solutions congealed after soveral hours 

into a crystalline paste, The crystals were separated at described above. The yield of (1) was quantitative. 

In the experiments with difurfury idenccyclohexanone, the solutions did not crystallize on standing ((11) was 


more soluble than the difurfurylidenecyclohexanonc], and the reaction product was separated by dilution with 
water. 


The result was not changed by the introduction of 2-2.§ moles of cyclohexanone into the reaction mixe- 
ture; (I) and (LI) were obta{ned in the same ylelds, . 


Benzylidenebenzaldicyclohexanone (I). The long, white rods (from alcoho)) melied with the liberation 
of alcohol of crystallization at 86-92°, : 


Found € 80.12; 60,06; .H 7.74; 7.78. + 1 mole C,H,OH. Calculated 4: C 80.38; H 0.13. 


RecrystalMzation from a mixture of benzene aia petroleum ether (1; 2) gave rhombs with a constant 
melting point of 135-136° and which did not contain alcohol of crysta) ization. 


Found %: C 83,56; 83.58; H 7.62; 7.54; M364; 378. C,H ,0;. Calculated %: C 83.87; H 7.52; M372. 
By recrystallization from alcohol of the materia} melting st 135-136*, Jong rods melting at 86-92° were 
again obtained. The alcohol of crystallization wes lost under vacuum only on heating (100°) for 28 hours. 


Dioxime. The white crystalline powder melted at 194-195° (from a mixture of benzene and petroleum 
ether}. 


Found %: N 7.32; 7.07, Cy,H,,O,N, Calculated @: N 6.96, 


Furfury dene furatdicyclohexanone (I), The long, white crystals, brought to constant welght under vace 
uum at 60-70°, melted at 128-130"; 3 after recrystallization from a mixture of benzene and petroleum ether 
(1:2), the form of the crystals was unchanged, m.p, 130-131", 


Found %: C 78.32; 74.77; H 6.81; 6.77; M 344; 358. C;H,,0,. Calculated @: C 75.00; H 6.82; M 352, 
Dioxime. Colorless rods with a constant m.p. of 158-159° (from benzene -gasoline mixture), 


Found %: N 7.54; 7.19. C3H;<O,N3. Calculated %: N 7.33. 


3. Phenyl-a-cyclohe af a,-benzy lidenecyclopentanonyl}-methane This compound was 
ared from a mixture of 1 mole of dibenzylidenecyclopentanone and 2 or more meks of cyclohexanone 

ter the conditions of syathesis 2. The Jong, white rods (from a 1:1 a,chol-benzene mixture) had consiant 
itin ea of 146-148" and 154-156°. The composition and molecular weights of both compounds were 


. 


Found %: C 83,68; 83.50; H 7.41; 7.51; M330; Ses. Calculated %: C 83.80; H 7.26; M358. 


Thermal cleavage of (i) and (II). Upon distillation, both diketones cleaved according to Scheme 3 at 
245°, cyclohexanone being distilled off slowly. The residue was a solid, black mass from which, only in the 
case of (Ii), was difurfurylidenecyclohexanone easily separated from a benzene solution (m.p. 143-145°; the 
m.p. of a mixture with known difurfurylidenecyclohexanone was not lowered), Upon distillation in an atmose 
phere of nitrogen and in the presence of ~0.1 hydroquinone, the depth of resinification was not decreased, 
The cyclohexanone obtained was identified by physical constants and by its semicarbazone (m.p. 164-165°, 
recrystallization from benzene; a sampie of a mixture with known cyclohexanone semicarbazone melted at 


164-165"). With a Renetonty long distillation, the tugs of cyclohexanone apptoached quantitative in both 
cases, 


*With the participation of E.V, Leiman. 
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Addition of cyclohexanone to (Il), The addition was eccomplished by heating a solution of (1!) and cy 
clohexenone In 1 N alcoholic N2OH at 78-80°, White, hexsgonal crystals were precipitated during heating of 
the solution, The crystals, filtered and washed with aicohol, melted with decomposition at 236-237°, The mee 


‘terial was insoluble In alcohol, ether, and acetone, difficultiy soluble in benzene and nitrobenzene, and soluble 


in pytidine and dioxane, 


Found %: C 74.50; 77.79%; H 7.52; 7. 12; M (from dioxane) 461; 455. Calculated C 74.66; 
HT 55 M 450, 


This same product was obtained by the addition of 2 moles of cyclohexanone to 1 mole of difurfuryH- 
denecyclohexanone under similar conditions (the identity of the two substances was confirmed by mixed melt- 


ing point. 
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TRANSFORMATIONS OF ORTHO- AND PARA-NITROTOLUENES 
IN ALKALINE MEDIUM 


M.N. Shchukina and G.S. Predvoditeleva 


(Presented by Academician P.L, Knunyants, April 11, 1956) 


One of the most satisfactory reactions for the preparation of p-am{nobenzaldehyde Is its formation from 
p-niuotolucne by the action of sulfur in an aqueous alcobolic solution of sodium hydroxide (1}. The p-amino- 
benzaldehyde §s separated In the form of polymer with azomethine bonds in 80% yield, p-Toluldine (about 
10%} fs also formed. However, fo spite of the practical value of this reaction and the accessibility of the 
starting materials, the mechanism {fs stti] not clear, 


Since p-nivotoluene undergoes a series of different reactions under the action of alkall, {t was expedient 
to study these processes and to compare them with the reactions of o-nivrotolucne under similar conditions, It 
{s that the composition and reladve amount of products of the reaction of p-nitrotoluene with 
depends, to a great extent, on temperature, heating time, and alkali concentration [2}. By changing the reace 
tion conditlons, szo- and azoxy-toluene, dinitrostilbene, or dinitrodibenzy] can be obtained However, is 
2il cases of continued heating of p-niuotolucne with alcoholic or aqueous alcoholic alkalf the basic reactiog 
product Is a brownish red, amorphous substance, the structure of which has not been esuablished, Also depende 
ing on the reaction conditions, different substances are obtained by he action f an alkaline solution on c-ale 
trotoluene: o-azotoluene, and, by continued ac-'on of aqueous alcoholec anthrae 
nilic acid, together with o-azo- and r-azoxybenzenecarboxyle acids Scholl [5] proposed a mechanism 
for the formation of anthrant acid from o-nitrotolvene through an fntermediate product ~ nthranl] — which 
was formcd by this reaction (I). 


It can be assumed that the transformations of p-altrowoluene under the ‘aflueace of alkall proceed sime 
{larly to the transformations of o-nitrotoluene, L.c¢., through the formation of an intermediate compound of 
the type of anthranil, In the case of p-nitrotoluenc, the formation of such a compound fn one molecule Is Ime 
possible, Lut a similar interaction fs permissivle among molecules with the formation of the polymer (1). 


At present, the nitrone formula (11) is universally accepted for compornis a simiiss grouping. 
of berzaldoximes), 


- 1 . 


If a reducing agent (sodium potysulfide, obtained by the solution of sulfur fn alkali) fs present in the ree 
‘action mixture, the nitrone polymer formed is reduced to a compound with azomethine bonds, which is Jater 
hydrolyzed to p-aminobenzaldehyde, Thus, the mechanism of the formation of from 
p-nitrotoluene can be represented as followss. 
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~ Comparing the chemleal properiics of the nitrones and anthranil (6}, {t can be concluded that they core 
respond alinost completely and that the most probable of all the proposed fcrmulas of anthranil ts the nitrone 
formuls (1V). Accordingly, on the basis of our proposed reaction mechanisin, the reaction of o-nitrotoluene 
with sulfur and alkz would ba expected to yleid o-aiminobenzaldehyde, The rcaction of o-nitrotoluenc fa 
alkaline solution in the presence of sulfur was studied, and it was found that, under conditions leading to the 
formation of p-aminobenzaldchyde from p-nitrotoluene, o-aininobenzaldchy de (14%) and o-toluidine were 
] formed from o-nitrotoluene, When the solution of sulfur in alkali was added only after boiling the o-nitro- 
toluene with 20% aqueous alcoholic alkali for soveral bours, Smpenepmnany alcohol was formed (25%. 


In order to confirm the possibie existence of Ine 
termediate compounds of the nitrone type during the 
preparation of o- and p-aminobenzaldeliydcs from o- 
and p-nitrotoluenes, the accion of s solution of suifur 
in alkalf on anthranil and on certain niuones was ine 
vestigated, And, Indeed, o-aminobenzaldchyde, along 
with aniiranilic acid, was obtained from anthranil, 
benzalaniliné was cbiained from 
and an anhydsopolymer of p-aminobenzaldchyde, along 
with p-toluidine, was obtained from p-nitrophenyl-N- 
p-tolylaitrone, 


Since it could be assumed that the first stage fn 
the preparation of p-arninobenzaldchyde fy the formae 
tion of polyiner with nitrone groups, the brownlsh red 
amorphous substance formed by the action of alkall oa 
p-nitrotolucne (*red polymer®) was inyestigatec. This 
substance fs extreme}y inert chemically. It is not 

_ drolyzed by acids o¢ alkalies of various concentrations, 
and it fs neither oxidized nor reduced. In order to clare 
ify the structure, it was investigated spectroscdpically _ 
in the infrared region, In view of the absence from the 
Mterature of data oa the infrared spectra of nitrones and 
on the absorption band of the N — O bond, we investi- 
gated the spectra of a series of nitrones, For this pur- © 
pose, butyl-N-methyinitrone (the first member of the 
aliphade nitrones, which are not described in the Ut- 


wes synthesized sad its infrared spectrum studied, 


as were the N-ozides of pyridine and trimethylamine, 
Thus, {t way shown that these three compounds are characterized by two Intense bands which occur in the spectra 
of the aromatic nitrones in the regions 1185-1250 and 920-950 cm“, It may be assumed that these Intense 
bands are connected with vibrations fn which the N—> O group takes part. This conclusion is confirmed by 
Raman data on trimethylamine N-oxide [7], the authors noting a line at 947 cm“! which they ascribed to vibra- 
tions of the NO bond. The absorption band lying in the 920-950 cm region of the spectra of the nitrones 
and N-oxides can be related to the symmetrical vibration of the —C = N—- group; the band In the 1250-2185 cm“! 
: region fs apparently connected with the asymmewical vibration of this same group, The indicated bands Me in 
the region of single bonds, which can be considered as physical confirmation of the semipolar character of the 
N O bond fn nitrones, 


20 23 43 
“25. 23* 
cm 
i "Red polymes® 
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An oxaimtnation of the spuctra of “ted polymer® showed that tho absorption band characteristic of N->O 
bonds fn nitroncs {s absent, This clrcumstance as well a the fact that tls polymer, In contrast to hltroncs, fs 
neither hydrolyzed nor oxidized Jeads to the concluston that the groups connecting the aromatic groups aro not 
nitronie and that under the influence of alkall dcoper changes take place, 


It is well known [8] that certain nitrones undergo a Beckmann rearrangement into ' under the 
influcnce of alkaline agents, We found that by the actlon of aqueous alcoholic alkalf on p -ttrophenyl-N-pe 
tolytultrone an Infusible polymer {s formed which, fn contrast to the orlginal nitrono, fs not hydrolyzed and fs 
nut changed by the action of an oxidizing agent. By the action of piperidine on this samo nitronc, p-nitrobense 
toliujde was obtained, This pernilts the assumpdon that the first product of the action of alkali on p-nitro-tole 
viene is a ultrone which then undergocs a Beckmann rearrangement. The nitrone group Is thereby converted to 
an amlde, and the “red polymer” formed Is a polyainides 


The red polymer fs extreme}y Inert, and we were unable to hydrolyze it by various methods for amide 
cleavage. Therefore, in order to detect the amide groups, it was Investigated spectroscoplcally (Figure 1). For 
: comparison, a sinilar polyamide was synthesized by a method leaving no doubt as to the structure of the sub- 
stance obtained, For this purpose, p-aminobenzole acid was subjected to protracted treatment with thionyl 


chloride with beating. The polyamide formed, the composition of which was confumed by elemental analysis, 
had properties tiinflas to those of *red polymer”, A comparative study of the Infrared spectra of this polyamide, 
“red polymer", and benzanilide showed them to be In close agreement, 


It fs well known that the absorption band of the carbonyl group In amid<« Hes in the 1660-1680 em! 
region, It can be considered that this group In benzanillde corresponds to the absorption band at 1655 em“ 


in the polyamide obtained frora p-amlnobenzole acid the band is 1680 cm”; in “sed polymer® the band fs at 
1695 


Thus, the spectral data confirm the polyamide structure of “red polymer® and also the scheme proposed 
by us for te wansformation of p-nitrotoluenc under the action of sulfur and alkali, 


As has already been noted, the intermediate product In the transformation of o-nitrotoluene under the 
influence of alkali {s anthranil, Under the influence of alkall {t ls converted Into anthranilic acid, It can be 
assumed that this conversion proceeds similarly to the conversion of nltrones through the formadiun of an inner 
amide cf amthranilic acid — an unstable B -lactam — which {mmedfately hydrolyzes to the acid, The conversion 
of o-nitrotoluene under the influcace of alkalles of varfous concentrations and of an alkaline solution of poly- 
sulfides and the preparation thereby of diffcrent substances can be represented as follows. Anthranil {s formed 
froin o-ailtsotoluene under the influence of alkali; the former then undergoes various reactions depending on 
conditions, Under the influence of 40-50% aqueous alcoholic alkali it {s converted into anthranilic acid, If 
i ft fs weated with a dilute (8%) aqueous alcoholic solution of polysulfides, some part of the anthranil ts rediced 
to p-am{nobenzaldchyde, The formation of o,0°-azoxy= and 0,0'-azobenzenecarboxyHe acid and also of 2- 
i indazy]benzyl alcohol ¢an be explained by the following course of reaction: the anthranil formed is hydrolyzed 
by the actlon of 20% aqueous alecholic alkali simUlerly to certain nitrones, which are converted Into 0,0-azoxy= 
benzaldehyde in oa alkane inedium, In the aikaiine medium, the latter can undergo disproportionation into 
0,0°-benzylcarboxylic acid and 0,0°-azoxybenzy] alcchol, When a reducing agent is present inthe reaction mixe 
ture (sodfum polysulfide), the azoxy compound can be convcited Into an azo compound, and,.as is weil known 
[9], 0,o-azobenzy] alcohol {s easily converted into 2-indazy!benzy} 2}cohol, which was also isolated, 
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INVESTIGATION OF THE n-PARAFFINIC HYDROCARBONS IN THE 260-280° FRACTION 
OF NORIT PETROLEUM BY MEANS OF UREA. 


Kh. 1. Areshidze and E. M. Benashvill 


(Presented by Academician A, V. Topchiev, April 18, 1956) 


A number of papers (1-12) and wae 1s) have been devotcd to establishing the Individual Sener: 
occurring tn different pewoleums, 


Georgian pevoleum has been little studied in this regard, Only tn a paper by F, Beilshiein and A. Kurbatov 
: {4} is there an indication that peuoleum from the Krasny wells (Tsarsky wells) contains n-pentane and fsopentane 
with a b.p, of 30°, It must be assumed that this investigation dealt with Mirzaanl petroleum, 


TABLE 1 


Temp., 
0. 
SH 
4.3 4.8 | 4.4225. 
215-218 | 40.0] 40.6 | 4.4240 
216~234 5.3 5.8 4.4202 
234~235 20.9 4.4250 
235—25 8.0 8.5 4.4350 
253—254 41.2 441.9 4.4295 
254—289 5.4 5.7 4.4395 
Volume disdiled and loss 
Fig. 1 Total | 64,0 | 


In the present work, urea was used for che separation of normal paraffinic hydrocarbons, The ability of 

urea to form crystalline products by interaction with normal paraffinic hydrocarbons and other organic compounds - 
having a normal hydrocarbon ciain was discovered by Bengen (13) and has since keen the subject of investigation 

by a number of author (14, 15}. The paraffinic hydrocarbons in the kerosene fraction of certain Soviet petroleums 

i were firet Investigated by this method by L. M, Rosenberg [161 V, A, Nekrasova and N, I, Shuikin [17] isolated 
n-undecane from the 190~200° fraction of a Crimean petroleum by means of urea, 


: By means of urea, we fsolated and identified low-boiling n-paraffins, such as nonane and n-decane, from the 
150-200° fraction of Mirzaani peroleum; n-undecane was shown to be present in the same fraction (18), 


A. V. Topchiev, L. M. Rosenberg et al, carried out a differential thermal] investigation of adduct formation 
of urea with n-paraffins, ‘ 


We eztabiished the 200-250° fraction of pewoleum contains 29.3% paraffinic of 
which 2.5% are compounds of norma) structure, It was of interest to determine the possibility of a quantitative 
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frolation of the n-paraffins from a complex nilxture of hydrocarbons 
fa which thelr content totaled 2,57 of 3.8% of the dearonatized 
fraction, 


62.73 
70.6 


197.0 | 66. 


210.58 


357.16 


EXPERIMENTAL 


183.77 


168.55 


Norli petroleum) was used for the Investigation; after topping 
to 200, the 200-10" fracdon wits isolated (by fractionation of the 
residue bolling above 200°) under vacuum at & pressure of 20 mm Hg. 


9 
{ 
7 


82 
83. 
go. 


‘the fraction Investigated was washed with 70%, sulfurte acid, 
107. soda, and distilled water to remove the nonhydrocarbon components 
which are encountered as traces in petroleum fractions and which sre 
Jnhibttors for adduct formation with urea {15} The presence of these 
nonhydrocarbon components also affects the accuracy of the group 
composition detennination, since the coefficients used for this purpose 
have been established for hydrocarbon mixtures, 


0.7492 
0.7569 
0.7631 


1.4310 | 0.768% 


1.4219 
1.4250 
1.4295 


Dearomatization of the 200-250° fraction was carried out by 
means of sulfuric acid having a specific gravity of 1.84, The complete 
removal of aromatic hydrocarbons was checked by the formalin reaction 
of A. M, Nastyukov {20}, 


de 


The next step was the dsolauion of the normal paraffinic hydro- 
carbons with urea,. the process being carried out as supplemented and 
refined by L, M, Rosenberg [16}, 


234—235, — 
209270) + 


253-254 


215216 


According to the group composition, the dearomatized 200-250 
fraction contained 38.57) paraffinic hydrocarbons, 


62.39 
67.07 
71.69 


The amount of urea zed was determined on the basis of the avere 
age molecular weight of the fraction, which was equivalent to widecane, 
19.5 moles of urea belng used for each mole of hydrocarbon, 


484.35 
198.33 
212.41 


The n-paraffinic hydrocarbons fsolated were exuacted with ethyl 
ether, After elimination of the ether, the mixture of n-paraffins, in 
the amount of 94 ml, was fractionated on a column of 45 theoretical 
plates at a prescure of 10 mm Hg, The distillation curve is presented 
in Figure 1, In Table 1 are presented certain properties of these fractions, 


87.0 
89.5 
92.0 


0.7487 


0.7562 
0.7626 
0.7183 


Literawre data 


From the data presented, it can be seen that the individual ne 


paraffinic hydrocarbons were concentrated in fractions boiling at 215-216, 
234-235°, 253-254", and 269-270°,- 


In Table 2 are presented the physicochemical properties of the. 
hydrocarbons fsolated by us alongwith the literature data (21, 


Spectroscopic investigation of the fractions indicated above was 
also carried out.e Hydrocarbons of normal structure having the compo 
sition Cy, Cys, Cyg and Cys, with a purity of 95%, were detected by 
means of the Infrared spectra (in the region corresponding to CHy and 
CHy, 3.3-3,6), 


As a result of this investigation, the following n-paraffjnic hydro 
carbons were {solated from the 200-250" fraction of Norij petroleum: 


Tetradccane 
Pentadecans 


TABLE 2 
Dodecare 
Tudecane 


* This part of the work was carried ovt by Yu. P. Egorov, for which our 
appreciation Is expressed, 
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dodecane, tridcerne, tetradecane, and pentadccane, these being identified hy physte “al properties and also by 


Infrared analysis; the presence of n-decane and n-undecane In the fraction was established by this sarne 
method, 


P. G, Melikehvill Insthtute of Chemfstry Recelved April 18, 1956 
Academy of Sciences Georgian SSR 
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CONTRIBUTION TO THE PROBLEM OF THE MECHANISM OF THE TRANS-EFFECT 


Batsanoy 


(Presented by Academician 1, 1, Che:nyaev, March 22, 1956) 


From the time of the discovery by 1, L Chernyaev [1) of the wans-effect rule, the problem of the mechanism 
of tiis phenomenon has remained in the purview of theoretical chemists, Up to the present, many attempts at & 
theoretical explanation of the nature of the reciprocal effect of atoms of the {nner sphere of complex compounds 
have been made; we will dwell here only on: the basic ideas, 


in 1935, B. V. Nekiasov attempted an explanation 

of the instinct by means of a polarization concept, 
. The course of his reasoning was thus, During the course 

of the formation of a complex, for example, of divalent 
platinum, the addend X will be polarized. Since the sub- 
stituents are alike, the effect of the dipoles on the cental 
atoin (c, a,) of the complex will be symmetrical (Figure 
1,a), In the case ofadends of different types, for exe 
ample, 3X and Y, the effect of the dipoles becomes asyme 
metrical . If the dipole ¥ Is greater than X, the platinum 
becomes an Induced dipole under its effect, snd the greater 
the difference between dipoles X and Y, the greater use 

Pt dipole, Interacdon of the charges on the central atom 
and the Hgand {fn the trans-position to Y leads to a weake 
ening of the Pt-X bond as a consequence of the expulsion 
of X from the Inner sphere of the complex compound 
(Figure 1,b), 


It can be shown that such an approach leads to contradiction with experiment upon it further development, 

If in the trans-position wo Y fs another such addend Y, it fs easlly seen that under the influence of the dipoles (Y> 

X) the charges in the central atom will be distributed as shown In Figure 1,c, This should lead to the expulsica 
of X, while actually the tans-bond Pr-—Y ts weakened as before. 


Fig. 1 


In the course of an experimental study of reactions in the inner sphere of complex compounds from the point 
of view of the wans-eifect [3}, it was found that the trans-effect of atoms {s closely connected with the nature of 
the chemical bond a, addend, Precisely, the wans-efiect of the Is greater the more Covalent is is bes 

_ with the central atom, Thus, there {s a distinct parallelism between the accumulation of electrons in the intere 
_atomic space and the trans-effect, 


We should note here paricularly the work-of A. D, Gelman [4], who experimentally op-zrved the great 
trans-effect of ethylene, Gelman connected this property with a special form of *oxidadon” of the inner complex, 
because of which a part of the electron cloud of the platinum is drawn to the ethylene, It 4s as though such @ 
process converts the divaient platinum to tetrayalent, In support of this position can be cite.\ the apparent Ine 
crease In coordination number of ethylenic compounds of divalent platinum (5), 
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1. 1, Cheryaey and A, D, Gelman (6) were Inclined to account for the trans-effect of the atlend by the 
degree of {ts covalency with the central atom, Considering the unsaturated molecule at simultaneously a donce 
and an acceptor of electrons, these authors considered possible the formation of covalent double bonds with the 
central atom, The high electron density in the locale af the saci bond is the cause of the increased trante 
effect, 


Chatt (7) extended this {dea to the trans-effect of aidend In general, According to Chatt, In the case of 
an addend with a strong trans-effect, not only th e electrons donated by the adiend, but also the electrons 
supplied by the platinum participate in the chemical bond, This results In the formation of the double bond 
Pt =B (Figure 2,a), Simultaneously with the suengthene 


@ ing of the bond (and precisely because of it) the bond 

ee Y of the Pt with-the addend (A) in the trans-position to 8B 

is weakened, Thus, according to Chatt, the process of 
a) (s) the trans-effect.{s In contradiction to that which was 

eo 4 d i proposed by B. V, Nekrasov; in the case of a addend with 


a strong trans-effect, the electrons are drawn to ft and 
there fs a decrease In the electron ceasity on the other 
side of the cénral atom, 


it fs not difficult to show that this a *covaleat® 
approach does not stand up under further development, 

If the same experiment Is carried out with the Chatt 
model as with phe Nekiasov model, we immediately 
arrive at a convadiction with experiment, According 

to Chatt, placing fn the rans-position to A another 

such adiend we should have an equal strengdiening of 

the Pit—B bonds from both opposite sides (these, of 
course, will be one-and-a-half, not double, bonds), while 
the energy of the Pt—A bonds remains as before (Figure 
2,t). In other words, in such a distribution the Pt—-A 


bonds will be weaker than the Pr—B bonds; f,e., agala 
the atoms in the cis-posidion to the more active addends 
will be expelled, It shouid be noted that, according to 


. Fig. 3 structural analysis data the Pt--Cl bond distance in 
complex compounds Is close to the sum of the covalent 
TABLE 1 : radii (usually barely larger), while for the double bonds, 
which the theory of Chart requires, the distance should 
Rp _ be appreciably less than the ordinary covalent single 
bond len 
Rat | Rion | 
Thus, two opposite approaches, the electrostatic 
ost! 2.441 4.69 and the covalent, yield the same result which is contary 
a 5.84] 9.06] 3.22 to experiment, The reason fs that thé bases ef both of 
these models lie In the same false concept: the ca, — 
Pay 2.31] 6.95] 2.47 addend bond {s stronger the greater the trans-effect pose 
eal 39 
sessed by the givens adiend irrespective of the opposing 
No, | 9:05) 11-01] 1-98 substituent, 
So: 44. Let us return to the Nekrasov model, During the 
S | 7.92] 22.70] 7.49 approach of the X fons to the Pt*® fon, a dipole arises at 


; first. But the further approach of this dipole toward the 
e Fer the crystalline state, platinum will be accompanied, not by a weakening of 
the electron density on this side of the platinum (as as- - 
sumed by B, V. Nekrasov), but, on the contrary, by an increase, since a chemical bond {s formed, For this 
reason, at the site of the Pt—X bond we obtain a negative charge which will interact with a charge of the same 
sign and value on the opposite side, in the case o1 a horrogencous complex (Figure 3,a), or with a greater or 
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 transeeffect 


lesser charge, in the of a heterogeneous complex 3b). The occurrence trans-positions of twe of 
the same atone oppodug cach other docs not lead to contradiction with experiment in this model, since fn 
accord with the strengthcntay or weakenlug of the charge of these two atoms, they (and not the cli-nelghhors) wifl 
experlence the greater repulsion (Figure ‘ils latter, obviously, will be shore marked the more 
covalent the ea, adden! boud, Finally, In the cave of ethylene of any other unsaturated melecule, electrons 
will acemmulate in the Literatonfle space owlng to finer sphere oxidation, and we obtain an unusual dipoie 

fre with che same success as a “real® dipole, 


A quantitadve nature can be given to the approach developed In the present article, For uhls purpose, it is 
expedient to use the refraction of the valence electrons of the adJends, [1 fs a fact that the higher the polarize 
ability of the electrons, the greater will be thelr effective negative charge. Vor this reason, the refraction of an 
fonoratony fnereases Jn accordance with the Increase in fonic of atomic radius [9] The refrection of a free 
electron is obviously equal to infinity, and accerding to Chemyaev 11}, a free electron possesses the greatest 


In the case of a pure covalent bond (compounds of tetravalent platinum, according to x-ray structural 
data (8), approach this sufficiently closely), the refraction of the bonding electrons will be proportional to the 
difference in the refractions of the Jons and the corresponding atoms, In Table 1 are compared the atomic [10] 


and tonic {11} refractions of typical addems, the differeuce In refractions being calculated on the basis of one 
electron, 


It Js seen from the table that die refraction of the bonding electrons Increases {n the series F*, SO,°, 190,°, 
O1*, COs*, O*, Ci*, S*. It is obvious dint for such molecules as HO and NH, SR = 0; i.e., they 
fall at the first of the series, This series is in agreement with the well-known wans-cffect series [1], -The 
group is an exception to the serles of Chernyaev, However, both chemical and physical data indicate that the 
nitro group has less effect tian chlorine In tewavalent platinum compounds, 


Thus, the series of bonding electron refractions, which parallels the effective negative charges of the groups, 
adequatcly reflects the capacity of the atoms toward tin wans-effect. In this light, It would be of intcrest to 
determine the moiccularrefraction of ethylene-containing complexes, to calculate from them the refractivity 
ethylene, and to compare tis value with the refracuvity of free ethylene, 


The data cited in the present paper show that the correct explanation of the trans-effect fs possible only by 
simultancous consideration of electrostaule and *covalent® effects, while attempts to explain the tans-effect from 
either of these exueme positions leads to results which are in contradiction with experiment, 


M. V. Lomonosov Moscow State University Received March 15, 19°6 
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APPLICATION OF THE H/MMETT FORMULA TO ELEMENTOORGANIC COMPOUNDS, 
IONIZATION CONSTANTS OF PHOSPHORUS ACIDS 


Assoclate Member of the Academy of Sciences M. 3. Kabachnik 


The Hammett formula, which defines the rate constant of chemical rcactions {or the equilibrium constant) 
of benzene derivedves wich substiments ju the para- or meta-position to the reacting group as a function of the 
rate constant (or equilibrium constant) of the unsubdsdtuted substance [1}, has bees verified experimentally for 


(1) 
: 


a large number of cases {2}. The application of the Haminet formula to reactions of aliphatic compounds has 
} met with difficulty: the effect of substituents located far from the reacting center fs poorly transferred along the 
suterated chain, and the effect of those located close {s complicated by sterle factors [3], Elementoorganic come 
pounds of elements of dhe second and succeeding periods of the periodic system appear to constitute a field of new 


TABLE i 


tonization Constants of Aliphatic Acids, R'R°POOH, in Water 


; 


Na, PA, | PX, Ne, R’ R” PR, Ue 
4 4 1.00] CI HO 2.59] 8.19} (8) 
2 H HO 1.411 6.70115} |] 16 HO 2.70] 8.431 (8) 
3 HO HO 1.97] 6.82) (6) [1°47 HO 2.66 | 8.44 
CH,O HO 4.54] 6.35/16) |] 18] see -C\H, HO 2.76 | 8.48 
Ho 1.60} 6.62 1[6) i9] tet-C,H, HO 2.79] 
6 HO 1.88] €.67} 16} |] 20 Catlins HO 8.40 
C,H,0 H 1.89] 6.84 | (6) 2 C!ICH HO 4.49) 6.30 129) 
8 CHO CH,O 1.251 ... 22 HO 4.14] §.64 
1.29 23 HO 4.63] 
9 C,H,0 C;H,0 1.37] 2.0117) |] 2h HO 4.16] 6-52 | {10} 
1.3 (6) 2 ICH HO 4.30] 6.720) 
40 C,H,O C,H,0 1.52] |] 2 HOC HO 4.54] 7.45 
4.59 (6) 97 F,c $.46) 3.23} (5) 
C,H,0 1.72) 418 $.17| 3.92 
| 42 ho 2.23) is) 28 Cc 3.08]° | (2) 
2.351 7.10/19) |] 29 CH, 9.29] eve} (89 
2.451 7.85119) |] 32 C,H, 3.491 
C,H, HO 2.49| 8.18] 33) | 6.241 | 8 


4 


and possibly, broad applicauon of the Hammett formula; the large, easily polarized electron sphere of the atoms 
ef U.ese elements should wransfer well the mutual effects of the groups bonded to the cenwal atom; on the other 
hand, the large radii of these atoms should promote a decrease in the steric effect, 
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TABLE 2 
lonizatlon Constants of the Aromatic Acids RA Water and Alcohol 


cH, 7.07) 3.19] 8.08] 49] P-HOC.H. 4.09] 7.25] 3.446] 6.49 
37) GHS HCH, | — — $3 PCH CONHCH, — | 7.40) 2:15) 
ga 6.23] 2.30] 7 $3 | — | 7.45) 321) {iz 
-NOXC,! 6.27) 2.371 743] SS} — | 
45 — | 6.83] 2.85] | m-NH NHC - 16.2 
46 p-Cic,H, £6] 6.75] 2.93] 7.99] 63] p-NH — 
asf 9.98) 7.24] 3.22] 8.33] (12 65} — 7.3} — =— 


o 
Fig. 1. Variation in pK with Ig. a) for acids of the seme 
type R’R°POOH in water; b) for acids of the type 
RPO(OH), in alcohol (first stage of ionization), Fig. 2, Variation in pK with Zo for the second 

stage of fonization of acids of the tyre RP(O) (OH). 


_ a) in water; b) in alcohol, 
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TABLE 4 


Constants of the Substituents g 


Fig. 3, Variation 0 pK with Lo for acids of the type 
R'R"PS(OH): a) in water; b) in alcohol, 


 TARLE 3 


fonization Censtants of the Acids R°R*PXOH) 
in Watcr and in 80% Alcohod 


ret 
in wawe 
eno | | 2.39 
3 ©, 82 2.60 


PICU 


| 


HOH, 
prNO,c, ff, 
m-NOC Hg 

p-Nli,SO0 
rm 
m-Cic, 
m-BrC,H, 
m-HOC,.H, 
OOCC,H, 
m-"OOCG,H, 
m-NH,NHC,Hy 
p-CH COMNHC IY 
p-C,1,SC,H, 

p-CH,OC,H, 

p-CHC,H, 
em 
p -HOC,H, 
m-CH,NHC,H, 
P-C,H,OC 
m-C,H, NHC,H, 
p-{CH,)s NCH, 

p- RH 

p-CH,NHC,H, 


8 {a AS 
- 
~ 
| 
| 
HO —0.%3 | 6.007} $0132 | 
CH.O 0.125 0.086 49.003 | 0.048 
{ | 0.014 0.00 | 
i 0.34% 8.049 
1-C,11,0 0.0% —0.477 @.037 
j C.H,0 0.043 0,219 
} i-C,,0 | 0.000 ff | 
CH —0.22 | 
i 1-C,H, 0.825 0.088 
Cit, —0.2t9 6.015 0.418 
tet-C,H, | —1.446 | 0,198 | 
cu, $0.04 0.531 
ICH, 0.21! —0.653 | 
HOCH, —0.546 0.036 
cr, +0498 0.268 0,653 
—0.481 6.020 - 
| 579 


TABLE 
Constans of the Reaction p 


fonization of R*R*POOM acids In waters first stage Pred 0.030 0.976 
lonization of R'PO(OH), acids | in water; second 
stage 6.13 1,788 0,083 0.055 
Tonization of acids Ir 50% first 
stage 2.01 1,312 0.042 0.993 
Tonization of R°POCON), acids in sicohol 
second stage 1,358 0.042 0,992 
Tonization of RUR*PS(OH) acids in water 0.31 - 1,203 0,069 0.989 
lonization of R°R°PSXOH) acids in 809, alcchol 2.65 1,272 0.070 0.990 


In the present work are compared the fonization constants (pK, and pK;)of organic phosphorous acids of the 
general formula (1) with 


the ionization constants of hypophosphorois (R° = =H, Z = 0) phosphoras (R* =H; OH, Z =O) and phosphorie 
acid, Experimental data for acids in which R’ and R™ can be Alk, Aryl, AlkO, and £0, and Z, Is oxygen or sulfur, 
which were taken from the Hterature and determined, jn part, in the laboratory of the author, are presented in 
Tables 1-3. 


Calculations were canted cut by means of the formuls 


PK © — pla, 


where pK and pK, are, respectively, the Indices of the fonization constants of the given acid and the unsubstimted 
acid used as 2 standard, Hypophosphorous acid, H,PCOH, was used as the standard for acids of the type R'R*POOH; the 
anion of phospharaus acid, ~Q(H}POOH, was used for the second stage of jonization of these ecids; and for acids of the 
type R°R°PXON), the hypothetical thiohypophosphorous acid, H;PS(OH), was used, The average value of the subsd- 
tuent constant g was calculated by she method of successive approximations; for these calcuiations, the reaction 
constant 6 for the first stage of ionization of the acids R'R°POOH in aqueous solution was taken as 1, For alcoholic 
solutions, for the constants for the sage in or for acids of the type R'R“PSXOH), 


~~ A 


“relation cbefficients (r) were found by the usual] statistica] treatment, The values found for og and Ag are presented 
in Table 4, The cormesponding reaction constants p and values of pKg andr are presented in Table 5, 


In Figures 1-3 are presented linear plots of pK = f(g) 


As seen from the data presiuied, the Hammett formula {s applicable to Jonization constants of phosphorus acids 
with good accuracy.® 


Institute of Elementoor ganic Compounds Received April 24, 1956 
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*Only acids containing CF, or CCl, groups showed material divergence far exceeding the limis of experimental esT0r, 
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T. p. = C, B. Transladion pagination, 


LITERATURE 
1. P, Physical Organte Chetrlstry (N, Y., 1949), 
Jaffe, Clem, Reva, 53, 101 (1959), 

RW, Taft, J. Ain. Chein, Soc, 74, 2799, 3120 (1952), 78,4231 (1953).. 

A. C, Mitchettl, J, Chem, Sor, 1920, 117, 957, 

F, W. Bennett, I. J. Eineleus and R, N. Haszeldine, J. Chem, Soc, 1954, 3598, 

W. 1D, Kumler and J. J. Eller, J. Am. Chem, Soc. 65, 2355 (1943), 3 
M, L Kabachnik, S. T. Joffe and T. A. Mastryukova, J. Gen, Chem, 25, 684 (1955) (T. p. 653).¢ 
P. C. Crofts and G, M. Koswlapoff, J. Am, Chem, Soc, 75, 3379 (1953), , 

Ruinpi and V, Chavane, Compt. send, 224, (1547). 

P. C. Crofts and G, M, Kosolapoff, J, Am, Chem, Soc, 75, 5738 (1953), 

H. J. Emeleus, R N. Haszeldine and R, C. Paul, J, Chem. Soc. 75, 2209 (1953), 

H. H. Jaffe, . D, Freedman and G, O, Doak, J. Am, Chem, Soc. 75, 2209 (1953). 

P, Lesfauries and P, Rump, Compt, rend, 228, 1018 (1949), 


M. Kabachnik, N. 1, Kurochkin et al, Proc, Acad, USSR fo4, 861 (1955), 


| 
{5) j : 
16] 
{7} 
18) 
iS} 
{11} 
| 
mi 


& 
i ‘3 ‘ 
. 
- 
A 
3 
. % 


INVESTIGATION OF THE PURITY AND FREEZING POINTS 
OF CERTAIN ORGANIC COMPOUNDS 


A. G. Antikin, Associate Member of the Academy of Sciences 
Ya. Gerasimov, G. M. Dugacheva and N, N. Kozhevnikoyv 


The question of the purity of substances has recently attained Increased significance, That the physical 
and chemical properties of a given substance differ substandally from those ascribed to it earlles, when the 

purity of the preparations investigated was less, is explained by the degree of purity of the various classes of 
substances, The ratuer essential differences in physicochemical parameters given by different authors for ove 
substance or another are dependent on the different nature of the {mpurities and the different degree of purity. 


Thus, for the correct determination of the physical and chemical properties of a substance, maximum and 
strictly controlled degree of purlty Is necesssry. A high deyree of purlty {s presently achieved with Inorganic 
compounds In insay cases, The preparation of organic compounds of high purity is attended by far greater dife 
ficultics, The great simi{larliy of physical and chemical properties of members of an homologous se ies, which, 
perliaps, finds {ts counterpart in the field of Inorganic compounds in the similarity existing amors che properties 
of compounds of the rare earth elements, leads to great difficulties (in principle and fn practice} bo.y ta De 
purification and In the determination of the purity of the organic compounds, That fs precisely die reason that 
the purlty of the organic compounds, in contrast to inorganic, reaches a maximum of 10-7 mol & for the come 
pounds considered; f.e,, the puflty of the purest individual organic compounds {s lower by 3 orders of magnitude 
(3000 times) than that of metals, 


The question of the purlty of organic substances has been prominent for some time past, because componeat 
analyses of Soviet petroleum, and especially its Uquid fuel fractivns, have been expanded, and thermodynamie 
calculations on the combustion of the fuel are impossible withcut a knowledge of the physicochemical parameters 
of tie Individual organic compounds composing the fueL Spevtral favesigations of organic compounds, which = ‘ 


have been particularly expanded recently, also require a knovvledge of the purlty of organic substances (for 
newly synthesized substances), 


The present article fs a brief review of the experimenial work on the determination of the purity of organic 


substances and the calculation of the freezinz o7 preparations of Mimited purity in the laboratory of chemical 


thermodynamics of the Moscow State University, where cryossople methods were developed based on the work 

of V. P. Peshkov [2] and Rossini [1]. In our method, temperature measurement is carried out by means of a there 
mocouple (Peshkov), and the rate of cooling or heating is regulated by means of a vacuum which {s maintained 
benveen the walls of the reaction vesse] (Rossini). The positive features of such a method of controlling heating 
are obvious, The use of a thermocouple instead of a resistance the;mometer permits an appreciable reduction 

in the amount of material investigated, Besides the combination of these two elements of known methods, we 
introduced into the measuring circuit an EPP-09 electronic recording potentiometer specially remodeled for the 
purpose {5}. Automatic recording itself has been used for time-temperature curves during determinations of the 
purity of organic substances prior to our work [6-8}, The distinction of ovs work apparently Mes in a simpler 
method, which formed the basis for recording and measuring temperatures (5). The recorder registers accurately 
the course of the temperature of the process, thereby making {it possible to carry out the {nvestigation much more. 
rapidly than by visual reading of a reflecting galvanometer. Moreover, the recorder permits one to tell at 

once, from the nature of the curve, the quality of the experiment, to record the effect of stopping the stirrer, etc, 
The remodeled EPP-09 has a sensitivity of 0.06°/mm; therefore, during the recording of curves in the temperature 


. 


| 


Fig. 1. Crystallizavon curves: 1) Substance without ardficial 
impurity; 1) with artificial Impurity, Th~ construction required 
for determining AT, was made as follows [1 the point A (11), 
indicating the temperature Tz, was found by exuapolation of 
the equilibrium part of the curve LED, AB is a horizonta] Une; 
BC {$s a continuation of the part of the curve CK. Section AB 
was divided in half (AF = FB). From F, the line FE was conse 
tructed parallel to BC to intersect the curve; at E, GE was 
erected 1 AB. The value GE corresponds to AT, 


range from 20° to zero Ceatigrade, it Is necessary to compensate the thermal electromotive force generated by 
the thermocouple, For this purpose, the thermocouple was connected to the recorder through a PMS-43 poten 


_tiometer, which fs apparently one of the best of the domesdc low-res{stance direct current potentiometers, By 


means of this potentiometer, accurate simultaneous measurement of the therfnal emf was carried out, By varying 
the chart rate, rational selection of the slope of the heating and cooling curves during the processes was easily 
realized, the processes, as already noted, being regulated In the reaction vessel by means of the vacuum, Cone 
siderable variation In the rate of the process ws also obtained by changing the temperature of the refrigerant 
used, The refrigerants used were dry ice and alsohel, for a temperature of —70°, and Uquid nitrogen, for -190°, 


The experinvental apparatus consisted of 2 reaction cell with a thermocouple and stirrer, the vacuum 
apparatus, the EPP-09 clectronic recording potentiometer, and the PMS-48 indicating potentiometer and its 
accessory equipment (standard eiement, adjusiabie current galvanometer (M/21), Z-S-T-98-VD storage battery 
feeding the potendometer). All electrical apparatus was -easigae on a groundec met-l plate, which, toa 
extent, eliminated stray rea‘tings, 


The reacdon vessel used in obtaining the crystallization curves was a double-wall vessel, the space beiween 
the walls being evacuated, with a stopcock Isolating the evacuated space from the surrounding medium, and wim 
@ sleeve through which the vessel was jeined to the vacuum apparatus, The vessel was provided with a nichrome 
stirrer and a copper-constantan thermocouple mounted in the stcpper [4] (this couple gave most stable readings 
during the work In low temperature regions), The stopper had an opening for a cooling needle, The vessel had 
an internal diameter of approximately 17 mm and a length of 270-300 mm. 10-12 ml of the substance being 
investigated was used, The amount of impurides was determined with an accuracy of about 10% of the total 
amount. This determined the rey. of the freezing point determinations, All substances analyzed by us up to 
the present have had from 1 to § mol.% Impurities; the absolute accuracy of the determination of the per cent 


impurities was 40.1%, in accordance with which the aisolute accuracy of the freezing polit determinations was 
0.1°, 
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The use of automatle recording of the crystallization curves (Ume-tenmiperature curves) Introduces, to our 
way of thinking, an essential finprovement Into die method of the luvestiyations, Automatte recording of the 
curves: 1) fs more objective than that nsed In existing methods, subjective recording to the positidn of the 
Indicating Ine of ght of the galvanonzerey; 2) it frees the experfinenter fromm routine works 3) it registers 
detalls of the curve which can be passed over, for example, in the nicthod of Rossini, where the Interva] between 
neighboring points on the curve fs 2-3 minutes; this Is particularly essential for substances eahiblung considerable 
supercooling, after which the curve proceeds almost vertically upward (heating) and ft fs to catch the 
highest ter: perature on the curve after the supercooling ({n visual Investigations, the peak of the curve can somee 
Unies fall between two observavions); 4) cutomade Inking of the crystallization curves gives 2 real curve at the 
tline of the experiment, and not afterwards as In other methods; this economizes on time, since St permits stopping 
in the middie or even at the beginning of an unsuccessful experiment, 


It should be noted that the Indicaung potentiometer (which compensates past of the thermal emf) was 
lustalled hefore the recorder, Any movement of die contro} arm ef the potentiometer during the recording distorted 
the curve, 


The themoconple was standardized against a standard platinum resistance thermometers, As a constant 
temperature medium, we used any substance whose freezing point sausfied the following requirements: 1) - 
comparatively high heat of crystaliization; 2) a crystallizauion temperature in the Jower interval]; 3) a sufficiently 
high degree of purity ( > 979%) that the plateau on the cooling curve was horizontal 


The role pisyed by stirring of the substance during the experiment should be especially emphasized, 
During an experiment, the substance was ‘always stirred by means of a mechanical stirrer, Susring is required 
for an approach to thermodynainic equilibrium and, consequently, for the determinadon of the equilibrium 

reezing point, Thus, for example, in experiments on the determination of the freezing point of dichloroethane 
in which the stirrer was shut down, the average error was 415yv which amounted to £0,6° in that temperature © 
Interval, In work with the stimcr, scattering of the measurements was decreased to £1 gv of 0,05, . 


The sticrer was constucted of nichrome wire 15-2 mm in diameter, and had several loops at the end, 
The motor-driven sulrrer moved up and down a distance of 5 cm at a rate of 85-120 movements per minute, 


If the substance crystallized with considerable supercooling, thereby distorting the experimental results, 
2 nichrome wire cooling needle, the end of which was pre-cooled In liquid nizogen, was used, 


The following assumptions [1] were made in evaluating the amount of impurities: 1) constant rate of 
erystallfzation of the substance; 2) Uquid and crystalline phases In thermodynamic equillbrium; 3) the impurities 
reinain in the liquid phase to the end of the period in which the freezing point lowering was determined; 4) the 
impurities were present Jn quanuties such that the solution was sufficiently dilute to obey Raoult’s law (up to 
6 mol, % impurities), 


The crystallizauvon tempe sture of the initial substance was taken as the point of beginning of the plateau, 
if supercooling was absent, and, In the event of supercooHng, as the point of intersection of the extrapolated 
equilibrium curve with the cooling curve, the curve being exuapolated in the interval prior to supercooling 
(Figure 1, Point A). The freezing point of the initial material was considered to be determined when the results 
of 3-5 repetitive experiments agreed within about 0.1%. Afierwards, a series of curves was obtained for the 


substance after the addition of artificial impurity (2-4 meL.%) required for calculation of the cryoscopic constant 
ana the 


and the cegree of purity (Figure 1). 

The freezing point, T_, of the subsiance with artificial impurity [N) was lower than the freezing point of 
the Initial san:ple, Ty, by an amount AT and the equilibrium part of the curve (the plateau) was steepez, 
Calculation of the purity and of the freezing point of the absolutely pure substance was carried out as follows 


{1}: 


1, The cryoscopic constant, A, was caiculated from [3}s 


TA, (1) 


Aime 


| 
* | . 
; 
| 
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2 The amount of natural Inipurlty, Ne, was determined from the equationr 


where indicates the part of the substance arlficizl Inapurity) frozen at a given thne, AT ts the dif- 
ference between the freezing point of the sanple with eruflclal impurity added and the freezing point of the 
same sample atr, which Is convenlently taken as 2/2 ST, determined graphically. 


3, The freezing point of the absolutely pure substance, Tye was catculated from the equation [1}: 


A 


A detailed derivadon of these equations is given in the cited work of Rossini [2], 


EXPERIM ENTAL DATA 
The method desciibed was used to investigate the following substances: 1,4-diisopropylibenzene, 1,1-41- 


ethyicyclopenune, isoociane, dicyclopeniyl, and in amounts of 10-15 ml (the matextals 
were synthesized in the laboratory of Prof, R. ¥a. Levina (MSU), in the laborawry of Prof, A, F, Plate (MSU), 
and in the laboratory of A. L. Liberman of the Instiwie of Chemistry), - 
TABLE 1 | 
Sample Artificial impurity |. p. of the initial F. p. of the absolutely Ameunt 
sample, °C pure substance, °C | of impu- 
rity, mole 
4 fraction 
1,4-Diisopropylbenzene p-Xylene - 17,2 16.9 0,010 
1,1-Diethyicyclopertane Methylcyclohexane - ~—106.4 0,041 
Isooctane Methylcyclohexane —103.%5 107.5 0.026 
3-Buryl-1-cyclopentene 1-Butylcyclopentane [ 88.35 — $1.9 0.025 
Dicychlpentyl Toluene — 35.7 — 35,1 0.020 


Freezing and melting curves were made for the indicated Initial substances with and without artificial 
impurity (the impurity was used in the amiount of 2-4 moL%). The freezing point of the absolutely pure substance 
without added Impurity and the purity of the inidal sample were calculated for each substance (Table 1). 
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CATALYTIC HYDROGENATION OF TRIPTYCENE DERIVATIVES 


Academician A, A. Balandin and E.-1, Klabunovsky 


: The study of the catalysis of molecules of complex structure, which are dieposed with diffleulty on the 

| sturface of the crtalyst, Is of great interest from the point of view of muluplet theory {1}. With this afm, we 

experlinents on the hydrogenation of wiptycene (1) ((2,3;5°,6*) (5,€;5°, 6") 
2,2 octatlene-2,5,7] derivatives: (5,6:5°,6*) (7,8;5%,5%)-tribenzobicyclo- 


(11) and triptycene quinone (M11) (5,6;5",6°) (7,835, 


The syntiesls and certain transformations of ulptycene derivatives have been described in the works of 
Kremann {2) and Bartlett et al (3, 4}. It was shown that (11) Js isomerized by the action of 40% HBr into tiptycene- 
hydroquinone [(2,3;5°,6") (5,6;5°, 6") (7,8;5%,6")-tri ben (IV). 
Reducticn of (IV) In dloxane solution over a skeletal nickel catalyst at 83 atm and 200° leads to 1°,2*,3°,4°, 5°, 
4*(V). The use of copper chromite as the catalyst in the hydrogenation of (II) fn dioxane solution at 160° and 
j elevated pressure (160 atm) is accompanied hy hydrogenation of the hydroxyl-containing ring with the formation 


of (1°,2°,3°,4°, 5°, )-hexahydro~{ 2,335", 6") (5,6;5°,6") 
4° (Vi) 


In contrast to the above work where con»poundIV was reduced at elevated pressure, we carried out the 


reduction of compo. 1ds Il and 32 at aunospheric pressure using a skeleta] nickel] catalyst, and investigated the 
| reaction rate, 


The synthesis of compound J was carried cut as described in the literature (3), The original anthracene 
was recrystallized from, toluene (m.p, 217°); the benzoquinone was purified by secrystallization and sublimation 

(m.p, 115°), The productof the condensation of anthracene with benzoquinone — compound I] — was washed with 
; Water to remove quinhydrone and recrystallized from toluene, The yieid was 62% of theoretical, 
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Found C 83.99) 64,01; if 4,955 4.94, Calculated $e C83,915 4,89, 


A previously described phenomenon was observed on heating Uf: a yellowing at 207, the appearance 
of a red color at 210°, and charring at a higher temperature, 


m1 1%;/min, 


degree of conversion 


Fig. 1.. Dependence of the rate of hydiogenation Ax/At, ml Hy (STP) 


- pes minute, of compound Il on: 2) time t (minutes); b) degree of cone 
version 100(%). 1) 0:7344 g II, V, = 172.6 ml Hy, 0.5 g Nis 
a 


2) 0.4484 g Il, Vy = 105.4 ml Ih, 2) 0.2814 Vy = 66.2 ml 
H3, 0.35 g Ni 


The hydrogenation of II was carried out In a rocking bomb (250 oscillations per minute) In a toluene 
or dioxane medium at 4S° and atmospheric pressure over a skeletal nickel catalyst prepared by the usua] method, 
The hydrogen was obtained by the electrolysis of 30% KOH, purified from traces of oxygen over reduced copper, 
and dried over H;SO,. Control experiments showed that the solvent did not absorb hydrogen under these condle 
tions, Prior t intoduction of the sample of starting material into the bomb, the catalyst was agitated In an 
atmosphere of hydrogen until saturated, © 


The hydrogenation product, recrystallized from dioxane, was In the form of coleriess crystals, m.p, 224 
22T (with decomposition), The pure product was not oxidized in air in the presence of alkalt, 


Found C 82,10; 82,12; H 6.93; 6,98, Calculated C 82,15; 8.99, 


The couse of the hydrogenation in the incividual experiments is presented in figure 1 in which the 
coordinates are H,-absorpton rare — time,and rate — degree of conversion in 9, Three moles of hydrogen were 


absorbed in the hydrogenation, which leads to the forsnation of the diol VL. The break in the curves corresponds 
to the absorption of 1 mole of hydrogen, : 


Com pound I underwent isomerization under the {nfluence of 40% HBr [3] in boiling glacia} acetic acid 
yielding tiptycenchydroquinone IV in 75% yield, After recrystallization from a mixture of toluene and dioxane 
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(7:1), the product melted at 428° (decomposed at Triptycenchydroquinone oxidized to by 
aqueout solution of KDrOs in boiling glacial acetle acid {4}, Teiptyceneauinone was obtalned with a yield 
of after recrystallization from tolucne, It melted at 29% (with decomposition), 


Found G BAYA; 84,27; 4,20, Calculated 84,50) 114,23, 


The dioxime melied at 245-247 (with decomposition), 


1f,/min, 


degree of conversion 


Fig. 2, Dependence of hydrogenation rate Ax/St, ml HASTP) 
per minute, on: a) dime t (min.); b) degree of conversion 
2 x ¢ 100 ¢%) of ulptycenequinone (1, 2, and 3) and cinnamic 


acid (4), 1) 0,2724 = 21,7 ml Hy, 0.35 g Ni; 2) 0,3037 g, 
Vo = 24.0 ml] Hg, 0.35 g NI; 3) 0.6316 g, Vp = 47.8 ml Hg, 0.50 g Nis 
4) 02006. g, V, = 30,3 ml Hz, 0.35 g Ni 


_ Triprycenequinone, II, was subjected to catalyuc hydrogenation over skeletal nickel catalyst at 45° and 
atmospheric pressure in a medium of freshly distilled dioxane (reaction in the absence o: peroxides), 1 mole of 
j hydrogen was consumed in the reaction, which leads to the formation of ulptycenehydroquinone, IV, The product, 

after repeated recrystallization from a mixture of toluene and dioxane (7:1), melted at 338° (with decomposition), 
A mixed melting point determination gave no depression, 


The course of the hycrogenation of III at 45° is seen In Figure 2, Curve 4 of the hydrogenation of 
cinnamic acid under the same conditions is presented for comparison, Data similar to those presented In Figures 


1 and 2 were obtained at 25°, The total amount of hydrogen abserbed in all of the work was close to the theoretle 
cal amount 


Thus, the following catalytic hydrogenations are now experimentally known for triptycene derivatives, 
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| ‘Found Yo: C 83,54; 83,60; H 4,96; 5.02, Calculated Ze C 83,91; 4.89 | 
| 


In the scheme are presented only the reacting parts of the molecules of tiptycene derivatives, the formulas 
of which were presented above, The catalytic transformations II-VI and IIIl-1V were carried out in the present 
work, and the transformations IV-V and IV-VI were carried out earlier [3]; the latter seaction did not go over 
nickel onder the stated conditions, and was carried out using copper chromite as the catalyst, The reactions on 
the left of the >sign proceeded over nickel more rapidly than those on the right, The comparative ease of 
the transformations and was established by us from a comparison of the rates of reactions 
out under the same conditions (cf, Figures 1 and 2), The transformations 0-V1 and HI-IV undoubtedly cons! 
of several steps, The latter must be clarified further, 


The series of reactlons ef the above scherhe 
develops experimentally the serles of hycrogenation 
reactions over nickel derived from the 
theory (S} 


Let us consider a model of the active 
catalyde compicx fonned during the uansformation 
Iv-vV. 


According to the multiplet theory, during 
hydrogenation over nickel the benzene rings lay flat 
on the catalyst surface, and this Is confinned by a 
se:'es of experimental face [1], The course of the 
hydrogenation of benzene rings In a molecule ef 
such complex three-dimensional structure as tripty- 
cene in he wansfonnation IV-V indicates that on 
the surface of the catalyst, together with the projecting 
active centers on which the hydrogenation of the benzene rings takes place, there are rather large troughs where 
4 the other benzene rings of the molecule are disposed, Successive hydrogenation of benzene rings can — on 
i the (111) faces, which cut the (100) face of the alchel crystals (sce Figure 3). 


Fig, 3, of the hydrogenation of 
benzene rings of wiptycenehydroquinone’ 
on the (11) face of nickel cystah, 


i Similar conclusions on the distribution of acrive centers on projecting surfaces of the catalyst were formed 
during a study of the catalytic dehydrogenation of untymmenical diphenylethane, where the reaction takes place 
notin te nucleus, but, on the conwary, in the sice chain (6), There the side chain ts superimposed on the sure 

: face projection, and the benzene nuclel are disposed one outwards and the other In the trough, 


The stereochemistry of the activated ee, in reactions of other —— c2uvetives will be 
considered separately, 


N. Zelinsky Institutz of Organic Chemistry Received March 9, 1956 
Academy of Sciences, USSR 
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STEREOCHEMISTRY OF SYMMETRIZATION REACTIONS 


OF 3-BROMOMERCURICAMPHOR 


oO. A. Reutov and Lu Tszin-Chzha 


(Presented by Academician A. N. Nesmeyanov, April 25, 1956) 


- Syinmetrization of organomercury compounds proceeds both under the Influence of complex formers, which 
atirck the halomercurl group (KI, KCN, KCNS, NaS,05, Nii;), and under the Influence of reducing agents (hy- 
drazice hydrate, sodium stzonite), 


—> R-Hg—-R 


As was showe by A. N. Nesmeyanoy, S, S. Poddubnaya and one of us [1], syrnmetrization of diastereolsomerie 
£-incthyl esters of d- and £-a-bieniomercuriphenylacedic ax cids under the influence of ammonia Is an elecuoe 
philic sulstitution reaction at a saturated carbon atom ana proceeds with preservation of the eonfiguratica, 


In the present work are reported the resulis of a study of the stereochemistry of the symmetrization of organ- 
omercurl derivatives of camphor under the Influence of sodium hyposulfite (thiosulfate) and hydrazine hydrate, 


The mixture of dlasterotsemers of 3-bromomercuricamphor, m.p, 218-220° and fa} was 
by mercusizauion of g-camphor | 2}. : 


The diastereoisomers, which differ In the of the a-carbon atom, 


ig™ 
a 


have the following constants; I—m.p, 222-227", -30.7; m.p, 216-218, fap —126°, Diastereoliomer 
aA 


I was easily isolated in the pure form, since 


Syinmevization of d:astereolsomer I and 3-bromomercuricamphor by sodium hyposulfite in aqueous solu- 
tion Jeads chiefly to the formation of a single isomer of mercuri-bis-camphor [dicamphorylmercury} (with a 
smal] amount of the second stereolsomer), This is apparent from) the fact that the reaction of the symmetrical 


product tith an equimolar amount of alcoholic hydrogen bromide yields almost pure djastereoisomers I of 3-bromo- 
mercuricamphor, ¢ 


The admixrue o the second fsomer of mercury-bis-camphor probably indicates that, simultaneously with the 


symmetrization react‘on, there occurs an extremely slow racemization of the configuration of the a-carbon atom 
of the original diastereolsomer of 3-bromomercuricamphor under the influence of hydroxy] Sons, 
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4 H 
M.p. 229-230 
follows from: these results that ue configuration of the a-carbon atonm of both reacting molecules of 


Is preserved during the symmetrization reaction, Thus, sytinnetrization of organs 
mercury by sodfine byposelfite is an electrophilic substitution at a s:.turated carbon atony and proceeds with 


_ preservation of the wonfiguration, 


Apparently, symmeuization of organomercury compounds is an electrophilic subsditution reaction which 
‘proceeds With preservation of the configuration at the saturated carbon atom, not only iu the case of hyposulfite 
and ammonia {3}, but also in the case of other complex fonners, which the hajoniercul group KCN, 
CNS). : 

- With the nse of reducing agents, such as hydrazine hydrate or sodium sunnite, as the symmeuizing agent, 
it would be expected that the synunetization reaction, which is accompanied by the liberation of metalile 
inercury, would tke place by a homolytic, not a heterolytic, mechanism, 


Symmetrization of diastcreolsomer 1 of 3-brommomercuricam phor, ~29.5°, by hydrazine Lydrate leads 
to the fon:ation of a mixture of tio ciastereohsomers of mercurl-bis-campher, The action of aa equimolar 
amount of alcoholic hydrogen bromide on this mixture of dlastercolsomers yields a mixture of 3-bromomercurl- 
camphor Jlasterceise:ners which has an tip, of 220-022? and [a]5 —~8.8° after recrystallizsiion from aqueous 
dioxane,* It fis apparent fren the value of the angle of rotation that the mixture consisted of 707. diastereo- 


ns 


It follows from these results diat, cursing the symmerization reaction, the configuration at the a-carbon 
atom of one of the molecules of organomercury salt is preserved, and the configuration at the a-carbon atom of 
the other rnolecule (which is acted on during the reaction) racemizes, Thus, symmetrization by means of hydra- 
zine hydrate is a substimtion reaction proceeding with racemization of the conilguravon of the carbon atom at 
which the substitution takes place.ee 


“TS Prior to recrystallization (after washing the camphor with alcohol, the mixture of diastereoisomers had 


ee then an insufficient amount of hydrazine hydrate is used in the reaction with diastcreoisomer I of 3-broimno- 
mercuricamphor, the unreacted 3-bromomercuricamphor is almost pure diastereoisomer I (la) 39°. From this 
fact, it follows that racemization of the configuration at the a-carbon atom under the intluence of hydrazine 
hydrate — a basic reagent — under our conditions is not appreciably significant and cannot a}ter our results, 


On the ouher hand, dusing work with the unstable diastereoisomer TI, we olxervea that it was rapidly con- 
verted by the action of hydrazine hydrate into diastereoisomer 1, Thus, with the action of an insufficient amount 
of hydrazine hydrate on diastereolsomer H, the unreacted 3-bromomercuricamphor was an approximately equi+ 
mojar mixture of diastereoisomers I and I! dats —713°), In this connection, It is clear why symmetrization of 
disstereoisomer II led to the same mixnwe of of mercurl-bis-cainphor as was obtalned by 
of diastereoisomer 
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Tis, that synune tization reac ‘tion which fs an electrophilic sulstftution process takes'place with 


preservation of the configurations the occurrence of racemszation during state tlon with hydrazine hydrate 
Indicates the radical nature of this reaction, 


4+ 4NH,— NH, HBe 
+ 


It was not possible to carry out the spnmetrization of 3-bramomercuricamphor with sodium stannite (only 
camphor was formed); however, unde: conditions where this reaction Is possible, there {fs reason to assume that it 
will proceed with racemization of the configuration of the carbon atom at which the substitution takes place, 


M.'V. lomonosov Moscow State University Received April 21, 1956 


“LITERATURE CITED 


[1] A. N. Nesmeyanov, O, A. Reutov and S, S, Poddubnaya, Proc, Acad, Sci, USSR 88, 479 (1953); Bull, 
.Acad, Sci, USSR, Div, Chem, Sci. 1953, 850 (T. p. 753).¢ 


[2] J.-Marsch and R, Fleming-Struthers, J, Chem, Soc. 95, 1777 (1909), 


T. p. = C, B, Translation pagination 


e- | 
| 
- 
| 
' 
- 
J “4 
. 
| 
J 
a 


3 
ARAERY 

ty 


LEPIDINE REARRANGEMENT OF ETHYLACETANILIDES 


B.1. Ardashev 


(Presented by Acadcmician 1.N. Nazarov, May 5, 1953) 


| In 1889, Pictet and Bunz! (1) carricd out a condensation of ethyJacetanilide In the presence of zinc chlo- 
| ride expecting to obtain lepidine according to ; 
CHs 
DA 
NAN 


but, Instead, they obtained quinaldine, In 1952, we showed that this reacticn ylelds only a- and B-quinolines 


We have now established that this reaction ylelds lepidine when carricd out.in the presence of aromatic 
amine hydrochlorides (an{line and Its homologs, diphenylamine, etc.), Homologs of aniline form homologs of 
lepidine; thus para-toluidine ylelds 4,6-dimethylquinoline, There fs basis for the conclusion that the aromstic - 
amine tles up the migrating ethy] radical, which displaces the mobile hydrogen of the amino group, and thus, 


instead of o-cthylacctanilide, the Intermediate product In the formation of quinaldine, o-ethyla 


minoacetophene 
one is formed and cyclizes to leplidine. és 


‘hie CH, 
CH 
a 


In this reaction, the catalytic effect of aromatic amines on the process of cyclization of ethy'acylanilides, 
wo { _ observed fa other quinoline synthesis reactions [3], Is uniquely exhibited, Although in this reaction the yields 

: of lepidine bases are 2-3 times higher® than are the yields of quinaldines In the Pictet reaction [1], they come 
prise only about 20% of the raw base even in an improved variant. It can be assumed that aliphatic amines 

| behave similarly in natural processes, for example in the formation of alkalofds in plants, where the synthesis 


*According to [3], it is necessary here to take Into account the Intermediate formation of dianil, | 
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teactlog takes place undet mnfld conditions. 1 appears to us that aromatic amines can be used similarly fa 
other cases of sadical rearrangements, for exainple with the afm of establishing the mechanlem of radics] 


arrange ments, 


In the futuro, we Intund to apply the “lepidine" rearrangement, established by us, to the synthesis of 
vartous lepidine bases and to Investigate the effect of amines in othor radical rearrangements, 


EXPERIMENTAL 


Preparation of leptdine, Experiment 1. A mixture of 16.3 g of ethylacetanilide, 16.3 g of freshly furod 
zinc chloride, and 13 g of aniline hydrochloride was heated on an oll bath at 300-310°* for 4 hours, The melt 
was dissolved In boiling hydrochloric acid (1:3), (on occasion, it was {mmedistely ireated with alkaH), 
zed with 2 40% solution of sodium hydroxide, and the base steam distilled, The quinoline base. was purified 
by of potassium ferrocyanide (4,5. 1.4 g (109 of a fraction boiling at 235-265° was obtained by dis- 
tillation. If the cthylacetanilide is added portion-wise, 2-3 minutes per portion, over the Course of 1.5-2 
hours, allowing the temperature to rise to 290°, the yield of Jepidine is increased io 17-207°* Mp. of the ple 
esate, prepared In alcohol, was 205°; after recrystallization from alcohol, it was 211-212°, .A mixed melting 
point with a known sample of Iepidine plerate showed no depression, The chloroplatinaiz melted at 235°, the 
chloroaurate at 186° with decomposition, Oxidation of the base gave cinchoninic acid, 


Oxidation of the base (6,7). 5 g of lepidine and 7.5 g of 40% formaldehyde were sated in en ampoule 
and heated on 3 water bath for 48 hours, 9.5 g of the methylol derivative of Icpidine was obtained, The lat~ 
ter wat dissolved in 112 ml of concentrated nitric acid and heated for 20 hours, The fest of the process was: 
carried out as described in [7} 


The raw cinchoninic acid melted at 241"; recrystallization yielded 0,12 g of cinchoninic acid 
at 252-253° (2098, 


5.65 ml of 0.1 N NaOH dtrated 0.1 g of the substance, The calculated amount of 0.1 N NaOH fs 25.8 mL 


Analyds of the picrate of the bases 


Found %: N 15.23. Calculated %: N 15.05, 


Preparation of 4,6-dimethylquinoline, Experiment 2. 17.7 g of ethylacetparatohiidine [p-ethylacetto- 
fuide}, 16.3 zinc chloride, ra 13 g of aniline hydrochloride were used, The experiment was carried out sim- 
flazly to the flist experime 


The yield of the 235-270" fraction was 2.2 g (14%). The yleld of 4,6-dimethylquinoline was Increased 
to 20-22% by adding the ethytaccttoluide dropwise over a period of 2 hours, The picrate melted at 223°; afe 
tet recrystallization from alcohol, ft melted at 237°, A mixed melting point with a known sample of 4,6~-di- 
methylquinoline picrate showed no depression, 


Nitrogen analyds: 0.2 g of material gave 13 ml of Ny (21°, 754 mm). 


Found %: N 14.61. | Calculated %: N 14.51. 


} Preparation of icpidine from orihocthy!smino2cetophenone. Experiment 5. A mixture of 16.3 g of o- 

ethylaminoacetephenone and 16.3 g of zine chloride were heated on an oil bath at 300-310° for 4 hours, Lsoe 

i lation of the base was carried out similarly to the first experiment, About 0.5 g (4% of a fraction boiling at 

7 235-265° was obtained. M.p. of the picrate was 207°, 211° after recrystallizaiion from aleobolL, A mixed 
melting point with a sample of known lepidine picrate showed no depression, 


_ M.A. Mostoslavsky and A.A. lougeterne took part in the experimental work. 
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*Cyclization does not occur at a temperature below 290°, 
4 addition of S g of anhydrous ferric chloride increases the yield 
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SULFONATION OF S8-DIKETONES WITH DiOXANE-SULFUR TRIOXIDE 


E.Yu. Gudrinfetsc, E.¥a. Dreimanis and G.Ya. Vanag 


| (Presented sy Academician LN. Nazarov, May 5, 1956) 
Dioxane -sulfur trioxide (D—SO,) has been successfully used for the sulfonation of many organic compounds 


which are difficultly sulfonatabie by the usual method, for example, nany heterocyclic compounds, aldchydes, 
ketones, dicnes, etc, [1}. There are no data In the Literature on the sulfonation of B-diketones. V.N. Ufimuev 
{2} described 1,3-Indandione -2-sulfonie acid (1,3-diketohydrindine-2-sulfonic acid), tre potassium salt of which | 
he obtained from 2-methy]l-1,4-naphthoqui rone-3-sulfonic acid. Since &-diketones are studied {n our labors- 


tory, particularly their nitration and nlwation products [3,4], the corresponding sulfo compounds were of interest 
to us, 


1,3-Indandione -2-sulfonic acid, which was fsolated {n the form of the sodium salt (1), was prepared by 
sulfonation of 1,3-Indandione with dioxane-sulfur trioxide. The sulfonation was carried out in 1,2-dichkro- 
ethane solution at room temperature, The reaction gocs In carbon tetrachloride soluuion, but more difficulty, | 
probably owing to the lower solubility of 1,3-indandione, The sulfonic acid obtained was dissolved in wates 
and salied out with sodium chloride, The potassium salt was precipitated from a solution of 1,3-fadandione -2- 
sulfonic acid by sslting out with potassium chloride, It dissoived ia water giving 2 yellow color in contrast to 
the potassium salt prepared by V.N. Ufimtsev. The yellow color disappeared on acidification. ft is not ime 
possible that this was a derivetive of the enol form, a possibility which fs subject to further clatification, 


The sulfonation was also caried out on some other B-diketones at our disposal, namely, 2-phenyl-1,3- 
indandione, dimedon, 5-phenyleyclohexane-1,3-dione, 1,3-perinaphthindandione, and dibenzoylmethane. It 
was shown that allof these compounds are easily suifonated by D-SO, at ordinary temperature in 1,2-dichloro- 
ethane-solution, and only perinaphthindandione was more easily sulfonated In carbon tetrachloride solution by 
heating for 10 minutes, The corresponding sodium salts (II-VI) were isolated by salting out the solutions of the 
sulfonic acids, Yields reached 70-80% Thus, here fs 2 new, convenient method for inweducing the sulfonic. 
acid group Into the active methylene group of B-diketones, 


co COW — CO, 
/ 
N/\co4 CH, — 
CH, —COC 
“cu-so.Na ScH-SO,Na 
NCH, 
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The reaction mechantsin { apparently the same as fa tho sulfonation of aldchydes and ketones, The uplas 
ton has been oxpecssed ta the Htcrature (5) that the sulfonation proceeds through the enol form of aldchydes 
and ketencs, Since B-diketones frequently react tu thelr onoi form, the pee, reaction inechanism Is pose 
sibley 


co 


H 


The salts of these sulfonte acids are stable and easily soluble in water. The sulfonic scids themselves 


‘were not isolated in the pure form, 


EXPERIMENTAL 


1,3-indandlone-2-sulfoniec acid 


Sodium salt, To a suspension of 6 g of D-SO, (0.025 mole) in 50 mI of 1,2-dichiorcethane was added, 
with vigorous stirring, 7.3 g (0.05 mole) of 1,3-indandlone, the temperature not being permitted to rise above 
25°. A homogeneous, red solution was formed, and, after 2-3 minutes, the entire mass thickened, It was per- 
mitted to stand at room temperature for 1.5 hours with occasional sticring. It was then diluted with 50 ml of 
water, agitated well, and the squcous solution of sulfonic acid separated from the 1,2-dichscroethans fn a sep- 
aratory funnel The latter was washed 1-2 times with 30-40 ml of water. The combined aqueous solutions 
were saturated with sodium chloride, The sodium salt of 1,3-indindione -2-sulfonic acid (1) precipitated in the 
form of yellow crystals. After crystailization from dilute ethanol (15 ml of ethanol + 30 ml of water), 9.8 g 
(69%) of the pure product was obtained, The salt crystallized with two molecules of water which were elimine 
ated at 100°, whereupon the crystals disintegrated Into powder, The salt was eas! ily soluble in water giving e 
yellow solution; it was insoluble in organic solvents, 


Found %: Na 8.01; $11.40; H,O 13.15, C,H,O,SNa-2H,0. Calculated %: Na 8.08; $11.28; H,O 12.67. 


Potassium salt. This salt was obtained by saturation of an aqueous solution of the sulfonic acid with potas- 
slum chloride, The colorless prisms did not contala water of crystallization. It was less soluble ia water than 
the sodium salt: 3.8 g could be recrystatuzed from 115 ml] of water, The solution was yellow, the 
color disappearing upon acidification, °-5 


Found K 14,70; $11.65; 12.35, Calculated K 14.79; $12.12, 


Ammonium salt, This salt was prepared similarly to the sodium and potassium salts by salting out with 
‘ammonium chloride, It was easily soluble in water, imparting a color, . 


Found N 5.54. C,H,O,SNH,. Calculated N 5.74. 


Diethyiamine salt, This salt was prepared similarly to the preceding, It was easily soluble In water, 


Found %: N 4.86. Calculated %: N 4.71. 

Sodium salt of 2-phenyl-1,3-Indandione-2-sulfonic acid (M1). This compound was prepared by sulfonation 
of 2-pheny1l-1,5-indandions similarly to indandione and precipitation of the sodium sait with sodium chloride, 
The colorless crystals were easily soluble in water, They were crystallized from dilute alcohol (25 ml of ethe- 
anol + 10 ml of water), The salt contained 3 molecules of water of crystallization, 2 molecules were eHmin- 
aicd si 162°, the vhird only at 120°, 


Found Na 5.87; 8.47; 1,0 9.44 14,21 (120°. Calculated Na 6. 08; 
$ 3,46; 9.54 (100); 14.29 (120%, 
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hy sulfonation of 4 S-diinethyl-1, (dle doit) the procewsg, and Isolation of the 


sodium salt by salting out with sodium chloride, The tong, prisinatie crystals contalned 2 molecules of water, 
The salt was recrystallized from 50% alcohol 


Sodiuns salt of &,5-dimethyl-1 -c -2-sulfonte acid (If), This compcund was prepared 


Found %: Na 8,18; $11.52; 14,013.23, 214.0. Calculated Na 8.27; $11.52; 1,0 12.91. 


Sodium salt of S-pheny!-1,3 -cyclohcxancdionc -2-sulfonts acid (IV), This compound was prepared sime 
{larly to the preceding, It was less soluble in water than the sodium salt of dimedonsulfonic acid; 17.5 ge 
the sodium salt could be recrystallized froin 200 ml cf water, 


Found %: Na 7.90; $11.23. CylyO,SNa. Calculated %; Na 7.92; $ 11.01. 


Sodium salt of 1,3 -perinaphthoindandione -2 -sulfonle acid (V). 1.96 g (0.01 mole) of 1,3-perinaphtho- 
indandlone, 2.5 g (0.0) molc) of D-SOs, and 100 ml of carbon tetrachloride were refluxed for 10 minutes, The 
resulting perinaphthindandionesulfonic acid was filtered, dissolved In water, and salted out with sodium chloride, 
he resulting sodium salt was recrystallized from 50% alcohol The yicld was 2.60 g (8749 of the pure product, 


Found %: Na 7.91; § 10,60, CyHy,O,SNa. Calculated %: Na 7.71; S$ 10.76, 


Sodium salt of dibenzoylmethanesulfonie acid (VI). This compound was prepared by sulfonation of di- 
benzoy] linethane In dichloroethane, Upon saturation of the sulfonic acid solution with sodium chloride, an oily 

product, which soon solidificd, {nitlally separated, It was recrystallized from dilute aicoi.ol (2 parts alcohol — 
1 part water). It was easily soluble in water. It crystallized with one molecule of water, 


Found %: Na 6.65; $8.79; 1,0 4.69. Calculated %: Na 6.69; $9.31; H,O 5.24, 


Our appreciation §s expressed to Prof, Doctor of Chemical Scfence A.F. fevinsh for council and ald on the 
analytical part of the work, 
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COMPLEXES OF ALKYLLITHIUM AND DIALKYL SULFIDES 


B.A. Dolgoplosk, V.A. Kropachev and Mikolaeyv 


(Presented by Academician LN. Nazatev, May 5, 1956) 


In the serics of organemetal}ic compounds, the phenomenon of complex formation is well known for the 
organomagnesium derivatives [1,2]. Certain of the products of the addition of ethers and amines to compounds 
of the type RMgX have been fsolatcd fn the crystalline state, and thelr compositions have been established (3, 
4}. As sulstances forming complexes with compounds of the type RMgX, the following may be noted: ethers 


{1}, amines (2), dioxane [5], tribenzy'phosphine oxide [6], ete, 


Up to the present, a series of works have appeared {n which the ability of organic compounds of the al- 
kali metals to form various coinplexcs has been recorded, Two complexes of triphenylmethyllithium are known, 
an ammontate, (CgHs CLI- NH, [7]. and a complex with two molecules of ether (CgHs)s CLL - (C,H), 0, 
Morton [9) described the formation of complicated complex compounds of organosodium derivatives. T.V. 
Talalaeva and K.A. Kocheshkov {10} indicated the formation of setnary complexes of pheaylithium with ether - 
and lithium bromide, B.M. Mikhailov and N.G, Chernova (11, 12) prepared crystalline complexes of lthiun- 
aryls with ether, amines, ari dioxane and ascribed the following structure to the ms: 


CH, —C# 


CH, c 
GH, 
— CH,% 


However, later on these authors [16] established that the latter complex contains one, not two,molecnies 
of dioxane. As T.V. Talalacva aid K.A, Kocheshkov [13] have indicaicd, the structures of these compounds 

cannot be corsidered as strictly established, since the possibility of ternary complexcs of the type 2ArLieLiBr® . 
+ XCzH;0); have not as yet. = been eliminated. The presence of lithium hallde can always be assumed owing 
to the conditions of synthesis, The ability of lithiumalkyls to form unstabis complex compounds with diox- 
anc has been indicated in the work of N.G. Chernova and B.M. Mikhailov 16} 


We prepared and characterized a complex of n-butyNithium and dimethyl] sulfide. All operations during 
the preparation of buty}lithium and the complex were carried out in an atmosphere of pure, dry altrogen. The 
bury lithium was synthesized from buty! chloride and metallic lithium by the method described in(14}. Di- 
methy) sulfide waseadded dropwise (in excess) to a solution of butyllithium in petzoleum ether (boiling up to 
60°) at room temperature. With the addition of the sulfide, mild evolution of heat occurred, and an amorphous 
appearing precipitate separated anu iapidly became crystalline. After 12-14 hours, the precipitate was filtered 
onto a pass filter in a stream of pure, dry nitrogen, washed with petroleum ether, dried, and transferred Into 
ampoules for analysis or into a vessel for further investigation. Investigation of the structure of the complex 
was ceirled out by careful decomposition with watcr and quantitative determination of the products formed, 


Qualitat've analysts established that the compitex did not contain halide, Formation and decomposition of the 
complex can be represented by the equations; 


n-C,H,Lt + S (CH,); S (CHy)s 
n-C,H,Lt - S (CH,)s ++ n-C,Hj, + S (CH), + LIOH. 


i 
| 
ee 
604 = 608 


The yas Hberated during ths decompesttion was colloctcd in a Hemplo pipet ever a solution of morcurie 
chioride for absorptlod of the dimethyl sulfide, The remalning gas wos transferred to a gas buret, and the bue 
tance content was determine bv combustion over copper oxide In a quartz tubs, The sulfide content was cale 
culated after ssporation and weighiag of the precipitate of 


It was cstabiished that butane and diinethy! sulfide were Hberated in nearly oquimolar amounts during 
the decoinposition of the complex, 


Found (based on total products Hbcrated) ins Uthlum, 6. 2 butane, 45.7; wifids, 48.1, 
Calculated [ according to Cll, SCH,),) in Gs Uthium, 5.5; butane, 45.3; dimethy! sulfide, 49.2, 


The small deviation from equimolar ratios of the componcnts could be due to possible errors in the ana- 
lytical determinations, especially considering the exurcme sensitivity of the complex to traces of moisture and 
oxygen. The results show that the crystalline compound fsolated by us contained 1 mole of a-butyNithium and 
1 mole of dimethy! sulfide, and the following structure fs ascribed to its 


This complex gradually decomposes with the liberation of dimethyl su Wide at temperatures of 40-50° in 
a vacuum, 


Received October 20, 1955 Institute of High Mojecular Compounds 
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THE REACTION OF N-METHYLANILINE WITH ACETALDEH7DE. 


(Picsented by Academician I.N, Nazarov, May §, 1956) 


After we had established the structure of the product of the reaction of anfline with acetaldehyde (the 
so-called “Eksiein base”) as -tctrahydroquinotine. (I) {1,2} instead of 1,3-dianilino- 


2-butenc (1), as originally proposed by Eibner [3], {t became possible in principle to prepare similar quinoline 
- derivatives from N-substituted anilines and acetaldchyde, 
CHNHC,H, 
| C,H,NHCH (CH,) CH = CHNHC,H, CH,CH (C,H,NC,H,y), 
NH 
(I) qi) (Ila) 


Up to the present, the reaction between N-alkylanilines and acetaldchyde in a neutral medium has not 
been studied, In the literature, there Is only the almost century-old statement by Schiff (4j that N-ethylaniline 
j and acetaldehyde form an olly product which did not yield to purification and to which, oa the basis of an ane 
: alysis Uf the chioroplatinate, he ascribed the formula (Ia). The products of the reaction of aniline and its de- 


j sivatives with carbonyl compounds are presently of great interest and have found wide use as antioxidants and 
as accelerators fn rubber vulcanization (S} 


_ We have studied the reaction between methylaniline and acetaldehyde, As a result of this study, a con- | 


densation product with a m.p, of 83° has been obtained, It can be assumed that this product Js one of four 
theoretically possible products 


- . CHy 
C.H,N CH (OH) CH, ai 
(FV) 
7 
C,lisN (CH) CHCH,CH (OH) N (CH,) C,H, CHCH, 
(V) (V1) 


Since the substance melting at 83° did not possess an actlve hydrogen atom, which we attempted to ase 
tect by well-known methods, particularly by the action of methylmagnesium lodide {n fsoamy] ether, Formulas 
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L.P. Zalukaecyv 
| (Ili) and can be dropped from further consideration. The reaction could proceed acc to one of two 
! 
|| 
| 


Determination of the molecular wetght by two methods and an analysis of the product confirmed the 
formula f.¢., the condensation product corresponds to Formula (V1). In aduitlon, u.v, spectra of an 
0.0001 inolar alcoholic solution of 2-methy]~4-anilino-1,2,3,4-tctrahydroquinoline and of the newly prepared 
Mnwlecnlar product were very characteristic and similar (Figure 1), Thus,we have sound basis for accepting 
Formula (VI) and for assuming that the compound Is 1,2-dimethyl4- 
N-imethylanilino-1,2,3,4-tctrahydroquinoline, Far conclusive proof, 


it was necessary to convert it into the corresponding quinoline dcrivae 
tive, Wo had shewn that 
eline, meliing at 126°, is casily decomposed by heating according to 
the equation 

| 


Fig. 1. Solid ne, 2-methyl-~4- 
anilino-1,2,3,4 -tetrabydroquinoline; 
broken Une, 1,2-dimethyl-4-N-my 
methylanilino-1,2,3,4-tetrahydro= 
quinoline, 


on the basis of which was developed an acid-free method for the pre- 
paration of quinaldine {2}. Oa the other hand, N.S, Kozlov [6) devel- 
oped 4 method for the preparation of quinzidine by a similar routs 
starting with acetylene Instead of acetaldehyde, N.F. Kryuk {7] ex- 
tended Kozlov's seaction to cthylaniline and, although he did not describe the intermediate products, from the 
reaction he obtained, among other. products, quinaldine and ethane, which confirms the course of the reaction 


according to 
CH (C,H,) NC.Hy 
NCH, 


If Formula (VI), assumed for the sukstance melting at 83°, is correct, then from its decomposition we 
should have obtained quinaldine, methylaniline, and methane [8]. This was shown to be the case. We were 
successiul {n fsolatin,: both quinaldine and methylaniline from the liquid product. The gaseous products were 
not investigatcd, The 31], which Schiff observed to result from the reaction of acetaldehyde and ethylaniline 
and which was mentioned above, also gave an appreciable amount of ee on distillation, which indicated . 
its bimolecular nature, 


EXPERIMENTAL 


1. Preparation of 1 -1,2,3,4-tetrahydroquinoline (VI). 11.6 ml of freshly 
Gistilled acetaldehyde was dissolved in 300 ml of alcohol, ard to this solution were added successively 200 ml 
of water, 22 mi of fieshly distilled N-methylaniline, and several crystals of the substance for seed. *. Similar 
operations were carried out in parallel in another vessel, After standing two days, the crystals were combined 


* The substance usually separates out in the form of a difficultly crystallizable ofl, Without the use of seed 
crystals, crystatilzation sets {n after two-three weeks at 10-12°, The first portion of crystals which were used 
in the future as seed, were obtained Ly this method, _ 
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aud enetion filtered, The wolpht of the crystalline materlal was 25g. After reerystallization from 300 mi of 


alcohol, 14.8 g of white, well-formed erystals meting at were obtalned, A sccond recrystalilzation from 
alcohol did not changs the molting polit, 


Found C 81,10; 18.28; N ity. Calculated $s C 81,21; H 8.27; N 10.53. 


Cyt 
Calculated %: C 80,00; $18.33; N 11.67, 


Determination of molecular welgits 


A. Fbulloscopte n. *thod 

27.4 g chloroform 0.1011 g substance, At + 0,053°, M = 266.3 
0,2074 ¢ substance, At = 0,112°, M = 260.8 
0.3102 y rubstance, At = 0,158, M = 274.1 


B, Cryoscopic method 
g substance, At = 0,220, M = 262.0 
; .2599 9 substance, At = 0,306, M = 258.5 

Found M = 267.4; 260.8, pr IegNg. Calculated M = 266, Cyglfygg. Calculated M = 240, 


11.6 g of 
the droquinoline was ‘on 3 sand disulied over a wide range. The 


following fractions vere collected; 1) to 197°, 0.5 g; 2) 197-245°, B.0 g; 3) 245-256", 0.5 g 


The oily residue remaining in the Mask was not Investigated further, The first fraction was practically 


pure monomethylaniline, Its accty! derivative melted at 100-101") A mixture with known N-methylacetanle 
anelted without depression of the melting point at 100-101°, 


Found %: N 9.34. Calculated %: N 9.40, 


The third fraction was falrly pure quinaldine. Its plerate meted at 191 -197, A mixture with known 


quinaldine plerate mehed without depression of the melting point at 192°, The methiodide melied at 193-200° 
(from alcohol). 


Found %: N 5.05, Calculated %: N 4.88, 


The second fraction was redistilled, Two fractions were obtained: a) b.p. 210-236", 4.2 g; b) b.p, 230 
250°, 2.6 


Fraction a was mixed with 5 ml of acetic anhydride, refluxed for 30 minutes, and allowed to stand for a 
day In an open vessel, The crystals of N-methylacetanilide were suction filtered. Weight 1.2 g. After two 
recrystallizcuons from water using activaied carton, they melted at $9-100°, A mixture with a known prepaia< 
tion melted at 99-100°, The dark of remaining after the separation of the crystals was dissolved in hydrochloric 
; acid, alkalized, and steam distilled, The cil was extracted with ether, and the solvent was driven c'f, The 
weight of unpurified of} was 0.6 g. 0.5 g of quinaldine picrate wes obtained by the action of a methanol solu- 
of picric acid, 191-102° after recrysta}lization {from aicohc) It melred without depression of the 
melting point when mixed with a known sample of the picrate, 


Fraction b wes dissolved in methanol. Picric acid in the same solvent was added to the soluuion. The 


welght of the picrate was 1.6 g. M.p. 191-192° after purification, A mirture with known ee picrate 
melted at the same temperature. 


3. Thermal decomposition of the product of the reaction of N-ethylaniline with acetaldehyde, 25 mI of 
ethylaniline was added to a solution of 11.6 m) of acetaldehyde in a mixture of 290 ml of water and 300 ml of 
alcohol, After standing two weeks, the dark of] was separated from the aicohol-watcr layer and distilled at are 
dinary pressure, B.p. 180-263°. Weight €.7 ¢. The distillate — a transparent yellow liquid which rapidly darke 
ened on storage — was dissolved In 50 ml of scimi-concentrated hydrochioric acid, 50 ml of water was added to 
the solution, and the mixture was ccoled with ice and diazotized with a sotution of 3 g of sodium altsdte in 50 
ml of water, After boiling, the cooled solution was ueated with ether, and the water layer was alhalzed, steam 


4 

Gu9 


i 


dlstilled, and extracted with ether, After drying and ellm!nation of the solvent, the off was dissolved in methe 
anol and converted to the picrate, 191-192%. A smixture with known quinaldine pictate and ona with the 
picrate obtained In the preceding experiment both melted without deprossfon of the melting point at 1¥1-192*, 
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THE ALKYLATION OF BENZENE WITH HYDROXYISOPROPYLHY DROXY> 
CYCLOHEXYLACETYLENE DIACETATE IN THE PRESENCE OF 


R.M. Lagidze and Sh.D. Kupravea 


(Presented by Academician LN, Nazarov, May 3, 1956) - 


It was shown in earlicr Investigations [1-3] that In the condensation of the acetates of 1,4-butynediol, 
tetramethyIbutynediol, dihydroxycycopeatylacetylene, and dihydroxycyclohexylacetylene with benzene 
the presence of anhydrous AICL, the crystalline hydrocarbons CyHyg, CygHyg, Cygttgg, and Cygtty, respectively, 
are formed, The intermediate chiorcester 2,5-dimethy1-3 -chloro-4 >acctoxy -2,4-hexadicne (1) was {solated 
from the products of the condensation of tetramethyIbutyndiol diacetate and benzene. The chioroester (> wes 
also observed {n the reaction of anhydrous AICI, with the diacetate directly. Under analogous conditions, the _ 
condensation of dihydroxycyclopentylacetylene diacetate with benzene gave, along with a hydrocarbon of the 


coniposition CygHyq, the chloroester (II) and an aliphatic-aromatic ester {n which the double bonds may 
possibly be in the respective rings. 


CH, 
cl (OCOCH,) €1 (OCOCH,) 
(if) 


0 (OCOCHs) 


Isolation of these compounds presents the possibility of tracing *he scaction by Its stepwise course, of 
carrying out the last stage az the intramolecular cyclization of the ester (DDT) in neutral medium, and of ob- 
taining the same hy hecatek, CysHaa- Taus, on the basis of the eihod of preparation and of a number of 
characteristic properties, the supposition was expressed that these hycrocarbons have as a common structural 
element a condensed system of a cyclobutene ring and a btazene ring. In all of the reactions enumerated ae 
bove, sytnmetica) acetylenic glycols were used, the d pilesic iadicals of which are comparatively less favore 
able objects for proof of their common presence in the hydrocarbons synthesized by this method, In this regurd, 
it seems to us that considerably more persuasive data would be cbtained through the use of mixed acetylenic 


y-glycols. For this purpose, hydroxylsopropy lhydroxycyclohexylacetyjene diacetate (IV) was used In the pre- 
sent work, : 


The initial glycol, m.p. 98°, was synihesized by 2 well-known method [4}. By acetylation of the glycol 
with the calculated amount of acetic anhydride, there was obtained a substance containing a triple bond, the . 
results of the papeenestion of which agreed well with the theoretical for the Gacstew of (1V); b.p. 98-100° 


~ 
{i mm); dy” 1.6276; 1.4655, 


Found %: C 66.86; H 8.31, Cysit,,04. Calculated %: C 67.66; H 8.27, 
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The reaction was carried out under the same conditions as the condensation of dlacetates of other y= 
acetylenle glycols with bencenc, From 25 g of the diacetate of (1V) was obtained 27 g of condonsate, from 
which two fractions were tsolated by disullation, 

Fraction L, b.p. 87-90°/ 1.5-2 inm (25% yleld with respect to total condensate), 1.0308, nij 1.4950, 


was 1-chloro-2-acctoxy -lsopropy dene -2-cyclohexy Udencthane (V). It was also obtalned by the actloa of 
anhydrous AIC, directly on the hydroxylsopropy Ihydroxycyclohexy! diacetate in a medium of dcaromatized 


cH, 
(Vv) 


Found %: Cl 15.8; 15.64. Calculated %: Cl 14.62, 


4 The following were identified in the products of the oxidation of the chloroester (V) with potassium per- 
- manganate and also with chromium trioxide tn glacial acetic acid: acetone, oxalic acid, and adipic acid. 


Fraction boiled at 130-138°/1.5-2 mm (about 30fyleld); 1.0242; ni} 1.5650; and corresponded 
to in elemental composition and molecular weight. 


Found 4: C 91.27; 91.06; £19.24; 9.12. Cyztty Calculated %: C 91.07; H 8,83, 


‘Molecular weights, found cryoscopically (in benzene), were 218 and 218.5, The molecular weight cal- 
culated for Cy Is 224. 71.24, MReaje 71.77. 


i The hydrocarbon Coys, just as the other hydrocarbons enumerated above, did net cecolorize bromine 

H water or 2 we2k alkaline soletion of potasslum permanganate. It was not hycrogenated over platinum catalyst 

i under ordinary conditions 2t room tempezature, and did not form a plcrate. The carefully fractionated product 
: crystallized very slowly on continued standing, The soi.d mass thus obtained, after a second recrystallization 
from ethy! alcohol, melted at 168-169°, and had properties simflar to the original fraction, 


Found %: C 91.33; 91.16; H 8.6; 8.7. Cyt. Calculated %: C 91.07; H 8.93, 


of the Muorescein reaction) from the products of the oxidation of the hydrocarbon Cy,Hz, with chromium tri- 
oxide in glacial acetic acid. It should be noted that the formation of benzoic and phthalic acids in different 
tatios was also observed In the oxidation of the hydrocarbons Cy and In the present 
case, on the basis of the oxidation results, it can be asserted that the hydrocarbon Cy;Hg, contains a benzene 
nucleus and {sopropy] and cyclohexyl radicals. It also follows from these data that these radicals are evidently 
F connecicd througn the respective carbon atoins to the benzene nucleus in the ortho positions, On the basis of 
all of the above, at the present time it would be difficult to assume for the hydrocarbon structural Torun las 
; other than those presented below (VI and Vz). : 


4 
i Acetone and benzole, adipic, and o-phthalic acids were {solated and Identifled (the latter only by nicans 


(vit) 


By dehydrdgenation of the hydrocarbon fraction boiling at 130-133°/1-2 mm over Pd/C catalyst at 300°,- 
a crystalline substance was obtained which gave a meluing point depression of the order of 25-30° when mixed 
with anthracene, The study of this compound continues at the present time. Hydrogenation of the CyyHgy hy 
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drocarbon with Raney alckol at 100 atin, and 200" for 48 hours gave a colorless, ofly Myuld botling a¢ 129° 


09094; aff analysts Indicated the addition of 10 atoms of hydrogen to 
the hydrocarbon, 


Found C 87,04; 87,08; 1112.95; 12.90; MR 74.44, Calculated C 87.18; H 12,82; MR 74,12, 


Finally, it should be noted that oxidation of the Cyl, hydrocarbon with chromium tuloxide fn glacial 
wetle acid also gave, in the overwhelming majority of cascs, a crystalline substance of neutral character thelte 
ing, at 204-204", It was identical with the product of the oxidation of the Cyl hydrocarbon, which was ob- 
talucd by the condensation of tetramcthyIbutynedio! diacetate with benzene, The melting point of a mixture 
of these substances was not depressed, For the material isolated, found, %: C, 77.66, 77.65; H, 6.44, 6.52, 
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THE STRUCTURE OF THE METHYLATED FORMS OF DITHIZONE 
{ DIPHENYLTHIOCARBAZONE] AND ITS DERIVATIVES 


P.S. Pelkis and R.G. Dubenko 


(Presented by Academician LN. Nazarov, May 5, 1956) 


In a previous paper by one of us [1], it was shown U at methyl. ton of dithizone ty methy] fodide fn alka- 
Une medium Jeads to the monomethy! derivative. Two p ducts having the same elemental composition were 
isolaicd by aluminum oxide chromatography. Preparailon I was a yellowish orange color and had an absorpuon © 
maximum at 430 mp: Preparation II was a dark violet color, and had an absorption maximum at 545 mg. It 


was established that Preparation II {s converted into Picparacion I at different sates in different solvents under 
the influence of Ught 


Starting from the concept of thione-thlol tautomerism ef dithizone In solutions {1] end from data avafl- 
able in the literature on alkylation of compounds capable of undergoing keto-enol and amido-Imidol tauto- 
merism [2], it-was proposed that tnethylation of dithizone leads to two methy! derivatives of dithizones 


Cie 
— Ng C.H.NH — 
— SCH, 
= N C,H, — N NY 


Considering that compounds with a thiono group are usually more deeply colored, Preparation I with an 
absorption maximum at 545 my was assumed to be the N-methy! derlvative. In conformity with this, the iso- 


merization of If in solvents was considered to be a transfer of the methy] group from the nitrogen to the sulfur 
{1}. Cases of Isomerization {n analogous ulad systems 


CaS 


described in the Mterature; however, they occur under severe conditions at of 200-300° and 
in the pesence of catalysts {3-6} 


Data from our further invesd gations showed that the experimental copfirmation of the idez of x ethyl 
group migration was insufficient : 


1, Compound 11 in benzene and other solvents was very sensitive to light. The period of half-life for the 
isomerization at 16° in direct sunlight was 150 minutes, and the activation energy was 5.4 kcaL/molke. The 
period of half-life for the isomerization of Compound UI (see Table 1) was 35 minutes, and the activation en- 
ergy was 4.9 kcal/mole. It is known that the action of light has a substantial effect on cls-trans isomeriz.tion, 


2. The characteristic Gattermann reaction on a thiono group — ¢ecolorization of colored thioketones by 


agitation with copper powder in xylene at room temperature [7) — gave a negative result during testing cf the 
products of the methylation of dithizone. Under these conditions, dithizone is decojorized in 30-35 minutes, 


3.: MethyImercapto group reactions — heating with alcohole alkail (8) — were positive for both Isomers; 
i.e,, methyl mercaptan, detccted by its characteristic odor and by reaction with lead acetate, was liberated in 


both cases, The assumed N-methyl derivative (Preparation 1) could not give a positive reaction for methy] 
meicaptan, 


: 
‘| 
; 4 
| 
4 


4, The yellow (D and violet (11) aethylatlon products of dithizone did not exchange thelr sulfur for tae 
Qeowretive sulfur (activity 4870 fmp./ing/minute) when hoated In xylene solution at 60 and 120° for 6 hours, 
Dithizone exchanges 74°% of Its sulfur under these conditions at.60*, of the experiments wie, radios 


sulfur apparently Indicate that the sulfur in both fromers as . both {romers contain 


a methylnercspto group, It is known that sulfur occurring as - Sil or not oxchangs 


even wnder very severe conditions 


Fig. 1. 1) Preparation II; 1a) rate of lsomerization in the dark, 1b) rate of isomerization fa diffuse Light, 2) 
Preparation II; rate of fsomerizadion in diffuse light and in the dark, 


Fig, 2. Rate of fsomerization in sunlight at 16°; 1) Preparation LI; 2) Preparation iL 


S. Investigation of the Infrared absorption spectra of I and I showed that the characteristic absorptioa 
band for the thione bond in the 1500-1550 cm region was absent, while the absorption curve for dith!zone had 
a band at 1808 cm™!, which {s characteristic of the thione bend {1¢, 11}. Thus, apparently the sulfur of both 
isomers occurs in methylmercapto groups, The measurements were carried out with a VIKS-3 vacuum spectro= 
meter, © 


Above all, the assumption that both isomers are methylmercapto derivatives In two stereolsomeric cise 

and trans-forms conforms to the observed facts, Recently, Kuhn and Weitz studied the photochemical trans- 
C,H = NL 
formation of tipheny formazan geColls in toluene under the Influence of light. They established 
C,H,NH -N 

that the activation energy of the conversion of the yellow form to the red form {s 4.6 kcal. /mole, and the period 
of half-life of the lsomerization is 5853 minutes, The authors explain this effect as cls-tans {somerization at 
the -N = N-bond [12]. From the data cited, it fs evident thar the violet and yellow products of the methyle 
ation of dithizone are many times more sensitive to iight than the corresponding fsomers of triphenylformazan, 


The dependence of the ratio of cis- and trans-isomers of the products of methylation and benzylation of 
dithizone In the same solvent on the nature and position of substituents in the phenyl groups was of Interest, 
In Table 1 are presented derivatives of substituted dithizones which were prepared by us and which are not cee . 
scribed in the literature, The syntheses were carried out under conditions described for Preparations Tand i 


{1}. 


In Figure 1 are presented rate curves for the lsomerization of Preparations II and II in benzene In dis- 


*The measurements were carried out by A.F. Malnevy, to whom the authors express their appreciation, 
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poise daylipht and in the dark, In Figure 2 aro presented rate curves for the homerization of ff and If In bene 
zene with tHumination by santfght (40,000 lux tlumtnation) at 16°, The concentretton of the preparations fa 


the solutions was 6.8- 1078 mo}. /Iiter, The fromertzatton rate was determined by measuring the optical cone 
sity at maximum absorption of the preparation, 


TABLE 1 


Cust, NS 


CoH 


4 
vi H,.N,S 45.84 
Dasa violet coler 16.00] 0.26 


TABLE 2 


; In order to establish the cis-trans configurations of the violet and yellow products of methylation snd 

benzylation of dithizone and cubstiiuied dithizones, the dipole momens of three preparations were measured 
in benzene at 20° (Table 2). We used theoretically calculated molecular refractions for calculating the dipole 
moments, 


Anal vite, % 
Frupirical °C, and appeare 
< 
| Yellowish orange eryw 10.42] 6,4 
cH, : 
< \—NH—N 
OC 
la | | 
TeDowish 
CSCH, orange color] ¢ at 
CSCH, [Yellow eoter 
: C.H,.NH-N ; 
cscH Dark vieles 
¢ ecler 2.34 | 
| 617 


i 
t 


N 
cis-cis cis-trans tans-cis trans-trars 


Considering the data f2om the measurements of the dipolo moments and the fact of the experimental 
isolation of only two isomeric forms, it can be assumed that the yellow products of methylation of dithizone 
and its derivatives are cis-cls fsomers, and the violet compounds are trans -trans Isomers, 
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CYCLIC ISOMERS OF ACYLHYDRAZONES OF a,8-UNSATURATED 
KETONES AND THEIR TUBERCULOSTATIC PROPLA SLES 


1.Ya. Postovsky and N.N. Vereshchagina 


(Presented by Academician LN, Nazarsov, May 5, 1956) 


Isonicotiny thy drazide as well as a scrics of ‘sonicotinythydrazones are known to be highly active antl- 
tubercular compounds {1,2} 


We synthesized reveral {sonicotiny thydrazones of a,8 unsaturated ketones, among them the fsonicotinyle 


hydrazonc of benzalacetone (1). The majority of these hydrazones possessed high tubcrculostatec activity, even 
in concentrations of 1- 1077, 


In connection with the stu Jy of the relationsh!p between structure and mberculostatic activity, it was of 
inicrest to prepare the cyclic isomer of compound (1), 1-lsonIcotiny]-3-methy]-S-phenylpyrazoline, and to 


verify its antl-tubercular activ'ty, We expected to prepare this compound by lsomerization of the acyclic 
co:npound (I). 


H AH; 


‘ 
‘O : 

IL, M.pr7-7s° 

L M.p, 183-16 


It is known that aryinydrazones cf a,8-unszturated ketones are easily lsomerized to the pyrazoline com- 


pound, (IV), by heating in a solution of glacial acetic acid [3]. Sometimes the formation of the pyrazoline 


ring occurs so easily that the mere interaction of the a,8-unsaturated ketone with the zrylhydrazone leads im- 
mediately to the formation of the cyclic compound, 


t 
L 


We atiempied to cyclize the fsonicotiny lhydsazone of benzalacetone by refluxing In glacial acetic acid 
(under these conditions, the phenylhydrazone of benzatacetone easily gives 1,5-dipheny1-3 -methy}pyrazoline), 


| 
3 : 
| 
i 
5 H 
c—cH, 
; 
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; 
: 
CH4,CH—-CH 
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However, tho cyelle isomer (11) was not obtained by this method, and the acylhydrazone was, In the main, 
recovered unchanged, : 


Sinilar fsomerization experiments wero carried out with the benzoy ihydrazoncs of benzylidencacetons 
and furfuryiidenescetone, The cyclic lsomer, previvusly described 
in the Hwrature [4], was not formed by refluxing the benzvylIhydrazone of Lenzyiideneacctone In acetic acid, 
Neither was the benzoylhydrazone of furfuryldencacetone fsomerized to the pyrazoline by refluxing with gla- 
acetic actd. "Its cyclic tsomer, 1-benzoy]-3 prepared for purposes of compare 
{son by benzoylation of 3-methy]-5 -fury}pyrazoline, differcd in properties froin the hydrazone, M.p. of the 
hyvrazone, 146-147; the known cyclic lsomer mclhied at 73-74, 


Evidently, the acythydrazoncs, in contrast to the ary thyJrazonce, are not able to undergo ring closure to 
the pyrazolines on refluxing in glactal acctic acid. Possibly, the hydrogen atom attached to the niuogen of 
the acy lhydrazone Is “abstracted® ia the direction of the carbonyl] and has no tendency to add to the ethylene 
bond, while in the aryThydrazoncs it is easily shifted to the double bond, 


4 


Since the cyclic {somer which was of Intercst to us, 1 -isonicotiny!-3-methy!-5-phenylpyrazoline, could 
not be prepared by cyclization of the hydrazone, we prepared it by the reaction of 3-methy!-S-phenylpyrazo- 
line with hydrochloride of isonlcotiny! chloride io ether-pyridine solution (sce scheme), The pyrazoline ob- 
tained differed considerably in niclting point and other properties from its acyclic isomer, 


Os testing of Its tubercuJostatic action, the 1-lsonicotiny]-3-methy!-S-pheny tpyrazoline (1) showed no 
appreciable activity In splte of the presence In the molecule of the same grouping as in the active acyele 
isomer (this grouping Is enclosed by the dotted Unes of Formulas I and This cecails the observation, mads 
previously by us, of the kss of tuberculostatic properties of certain compounds on thelr conversion to cyclic 
products {5-7}, it fs probable that the inactivity of the cyclic compound — the pyrazolins — {ts connected with 
the lack of the abillty of the compound to hydrolyze at the azomethine bond and to give the active, original 
compound (the hydrazide), and it is possible that, for the emergence ¢} activity, the presence of an unsubsritmuted 
amide group (-C = BB er -which Is present in the acyclic fsome: (1) and absent In the pyrazoline (1), is es- 
senda 


EXPERIMENTAL 


Preparation of 1-benzoyl-3 -methy]-5-furyipyrazoline. A solution of 1.5 g of iurfurylideneacetone in 3 
ml of alcohol was added gradually to 1 ml of hydrazine hydrate, The alcohol and the excess hydrazine hy- 
drate were distilled under vacuum, To the 3-methy)-5-furylpyrazoline which remained, withcut first purifying 
it, 10 ml of NaOH and 1 g of benzoy! chloride were added with cooling. An alkaline medium was maintained 
during the reaction, After some time, the-ol! which separated crystallized. The yellow crystals were filtered 
and washed with water. After two crystallizations from aqueous alcohol, light yellow crystals (prisms) melting 
at 73-74° were obtained, Yield, 0.9 g The was easily soluble in alcohol, ether, 
chloroform, and benzene, 


Found %: N 11.00, yO Ny. Calculated %: N 11,02, 


Preparation of 1-isonicotiny]-3 5 g of the hydrochloride of isonicotiny] 
chloride (prepared froin isonicotinic acid and thiony) chloride) was suspended In 15 ml of dry ether, and 10 mi 
of dry pyridine was added with cooling to the mixture. A solution of 4.5 g of 3-methy]-S-phenylpyrazoline [3) © 
in 10 ml of dry ether was g. dually added with cooling to the mixture, After 30-40 minutes, the precipitate 


*For carrying out the bacteriological divenstlnathies of the compounds synthesized, we express our apprectauéa' to 
Cand,. Med, Science E.1, Cherikova (Sverdlovsk Tubercular Research Institute), 
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was filtered and washed with ether, On the addition of ether to the pyridine filtrate, a yellow peecip!tate 
formed; tls was filtered and washed with ether, Colorless plates melting at 77-78 were obtained after crys- 
tallizstion from aqueous alcohol with the addition of actlvated carbon, Yicld, 1.7 g (237). Tho materlss was 
easily soluble In alcohol, acetony, and chloroform, and was difficultly soluble in ether, 


Found N 5.97. Calculatud %: N 15.84, 


Recelved March 12, 1956 S.M. Kirov Ural Polytechnical inctitute 
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ON THE ADDITION OF PHENOL TO BUTADIENE 


Academician BsA. Arbuzov and L.A. Shapshinskaya 


The reaction of phenols with dienes usually leads to the formation of cyelic products of the type of 
chroman and coumaran (1,2). In certain cases, allyJphenol-type compounds are obtained [3} 


In 1951, Proell [4] investigated the alkenylation of aromatic compounds with butadiene In the presence 
of alkancsulfonie acids, Procll found that the reaction of phenol with butadicne In the presence of cthanesule 
fonic acid (10-12%) gives, {n 5U% yield based on butadiene, a mixture of substances of non-phensllc character 
(probably chromans) along with ortho- (7?) and para-(?) butenylphenols, The structures of the products ob- 
tained were not established, The addidon of phenol to butadiene can occur as both 1,2- and 1,4-additica, 


In order to clorify the suructures of these products, we repeated Proell’s investigation, In the presence of 
methanesulfonic acid, phenol and butadiene gave only undistiilabl. products, Ethanesulfonic acid in the a- 
mount indicated by Procell (10% of the weight of the phenol) lec w the formation ef undistillable products, The 


best yiclds of nionobuteny phenols were obtained by the use of 2% ethancsulfonic acid as the west dc (40% of 
the butadlenc used), 


The non-phenolic part, which was separated by treatment of the low bolling fracdion with alkall, gave 
U:c following fractions after repeated distiNations: 1) b.p. 86-88°/9.5 mm; 1.5226; 1.0228; MRpfound 
44,17: Cyp 44.22; b.p. 92-93°/S.5 mm; 1.5315; 1.0217; MRpfound 44-85. The 
fractions probably consisted of 2-ethylcoumaran and 2-methylchroman, Their structurcs were not proved, Evie 
dently, these fractions are formed from o-buiznylphenol, since specially conducted experiments on the cycliza- 
tion of o-butenylphenol In the presence of hyccogen bromide end acetic acid gave similar products, 


Distillation of the high boiling fraction of the products of dhe reaction of phenol with butadiene gave 
buteny}phenols with the following constants: 1) b.p. 90- mm; 1.5393; 1.0047; MRpsoung 45.06: 
MRpcale, 45.84. II) b.p. 102-103°/3 mm; 1.5390; 1.0621; MRpfound 46.26. The first 
fraction was o-(2-buteny])phenol, as was shown by siden of the methylated product with 0.5% potassium = * 
permanganate and with 5% potassiuin permanganate, 


Acetaldehyde was isolated in the first case, and o-methoxybenzole acid was isolated in the second, 


The second fraction was p-{2-butenyl)phenol, since oxidation of {ts methylated product with 0.5% potas- 
slum permanganate gave acetaldehyde, and oxidation with 5% potasstuin permanganate gave anixic acid. 


The reaction of phenol wit: butadiene in the presence of ethane-sulfonic acid and the proof of structure 
of the preducts can be represented by che following echemes. 


e 
| | | 
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= CHCH, 


EXPERIMENTAL 


Addition of phenol to butadiene [4]. In a 2-Hter flask fitted with a stirrer were placed 696 ¢ (9.5 mols) 
of freshly disulled phenol and 20 g of ethanesulfontc acid (S}. 222 g (4.1 moles) of butadiene were passed Into 
the flask at 2 temperature of 32° (water.cooling). Afier weatment with water and distillation of the phenol 
under vacuum, the residue (244 g) was distilled using a Widmer dephlegmatoe..- 


Ths following {factions were obtained: 3 
I 14-76/6 mm; 232 g, 5.3% of the butadiene fed. 
WH 90-92°/3 mm; 29.3 g, 5% of the butadiene fed. o-Buteny}phenol, 


Found % C 81.05; H 8.28, 'C,,H,,0. Calculated % C 81.03; H 8.16. 


II 102-103°/3 mm; 124 g, 20.7% of the butadiene fed. p-Buteny!phenol, found % C 81.32; H 8.39. 
From Fraction I, after washing with alkali, was obtained a fraction boiling at 86-88°/9.5 mms 


Found C 80.59; H 8.05. CyH,,0. Calculated 81.03; H 8.16, 
and a fraction boiling at $2-93°/9.5 mms 


Found fe C 80.50; H 8.05, 


Methylation of o-buteny}phencl, 20 g of o-butenylphenol was gradually introduced into €8 m! of 10% 
todium hydroxide and then methylated with 20 g of dimethy] sulfzie, The reaction product was steam dis- 
tilled and then distilled with a Widmer dephiegmator. 17.7 g of product: was obtaluc2; b.p, 89-89.5°/6 may 
1.5225; 0.9729; MRpfoung 50-82: Fe M8ncaic, 50.57. \ 


Found % C 81.59; H 8.61; C,,1,,0. Calculated % C 81.45; H'8.7. 


Methylatio> of prbuteny lpnenol (35 g) under similar conditions gave 32 g of p-methoxybuteny 


OH 
N_cH,CH = CH—CHy ( Ncoo# 
4 
i 4 
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b.p. €0-#0.5°/1.5 1.5195; 0.9629; yng 51.16, Found C 81,69; 1 8.64, Oxidation of 
o-incthoxybuteny benzene and of p-incthoxybutenylhenzeno with 0.5% KMnO, gave acetaldehyde {n both cases, 
2.4-dinitroplieny Ihydrazone, m.p, 165-166° (a mixed sample with known 2,4 -dinttrophony thydrazone of acete 
aldchyde showed no depresston of the melting point), Oxidation of ovme thoxybutenylbenzene with 6% 
give o-incthoxybenzole acid, im.p, 99-100" [6] (inixed sample), Oxidation of with 
Sif gave anisic acid, m.p, 182-183° 


Reecived May 15, 1956 _ VL. Ulyanov-Lenin Kazan State University 
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CATALYTIC CHLORINATION OF PROPANE 


B.A. Krentsel, Academiclan A.V. Topchiev and D.E. Ilyins 


The catalytic chorination of propane has been studicd comparatively Uttle, and, in the fow studies that 


have been inade, the attention of the investigators has been directed mainly toward the possibility of lowering 
the temperature and the condiilons which would be required for this(1). The ilterature sheds almost no light 
oa product composition and its dependence on different conditions of catalytic chlorination, 


EXPERIMENTAL 


The composition of the: propane feed, as determined by low temperature fractional analysis, was 95.3 wt. % 
4.2 wt. and 0.5 wt. CyHyg The chlorination was carried out with gaseous chlorine (from a cyl- 


inde: of Uqguified chlorine) In a previously described flow apparatus {2} Heterogencous catalysts — silica gel 


promated with cupric chloride and on fron catalyst and also a homogeneous reaction {Initiator nitric oxide — 


were Investigated as catalysts for the reaction, 


Wietcrogeneous catalysts 


The commercial silicz gel used for the pecparation of the silica gel-based catalyst was treated with hot, 


concentrated nitric acid to remove the colored impuritles. The nitric acid-treated silica gel] was washed with 


distilled water until the washings were neutral, and then was dried at a temperature of abovt 100°, Cupric 


' 


Fig. 1. Variation in chlorine consumption with tem- 


perature in the catalytic chlorination of propane, 


1) CuCl, > SiO, catalyst; 2) Fe catalyst; 3) empty 
tube, 


chloride (20%) was deposited on this silica gel by 
impregnation with an aqueous solution of the salt 
and subsequent evaporation with constant stirring. 
The catalyst was dried at 110° to constant weight, 
and was then ready for use, Tse fron catalyst cone 
sisted of a stainless steel wire spiral of 2-min diae 
meter and the same helght, 


Dependence of chlorine consumption on tem= 
perature in the reaction zone, The experiments on 


the dependence of the degree of chlorine consumpe - 


tion on reaction temperature were carried out with 
a two-foid excess of propane and at a space rate of 
reacting gases cf about 60 hours*, The resulzs of 
these experiments are presented In Figure 1, 


The data show that the greatest activity was 


possessed by the fron catalyst, over which chlorinse 


tion began at a low temperature and chlorine consumption reached more than 30% at 40°. These results sre 


with this same Catalyst, 


in complete agreement with our previously published experimental data on the chlorination of n-butane {3} 


It fs most probable that, In the case of the fron catalyst, a film of ferric chiorids, which 1s formed on the 
surface of the catalyst, is responsible for the caialytic acivity, Th!s-fllm can act as a chlorine transfer agent, 


As in the chlorination of n-butane, the mechanism can be elucidated as an evaporation of chlorine fons,from 
the film {nto the gas space and subsequent continuous renewal of the film, 


627. 
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In agreement with an hypothesis on the course of thy hetcrogencous reactlon previously given in the ite 
erature, the catatytic action of cupric chloride deposited 6n allica gel (or othor cartier) ean be explained by 
the fullowlng excmiplary mechantsme 

a) CuCh, —* CuCl + Ch 
b) CuCl Cl + Cytly + 

c) HCuCh CuCl + HCl 

d) CuCl + Ch CuCh, + Ch 

©) Cally + C1 


The cffect of space rate and reactant ratio on the yleld of propane chlorination reaction products, La ore 
der to clarify the cffect of space rate on the yleld of chlorination products, a special series of experiments was 
cartled cut at tcinperatures of 230-240° In which the space rate was varied within the Umits of 60-200 hours“, 
Within these mits of space rate variation, the yield and composition of the chlorination products remained 
practically unchanged.) 


~ FABLE 1. 
The Effect of Reactant Ratio on Product Composition fn Propane Chlorination 


Experiment 
No, 


Reaction 
temp., °C 


Mole radio 
CyHy 


Space rate, 
hours * 


Product composition, wt. %& (from distillation data) 


Monochlorides 


Dichlorides 


Trichlorices 


Ch 


CuClg’SiOg catalyst 


2:33 128 44.3 
‘1.5 31 101 49.1 
4.0521 
3.9731 32.5 
42.4 

$31. 46.8 


230 
235 


73.6 
80.7 


2 
4 
235 1,09 55.2 


The effect of propane -to-chlorine ratio is shown in Table 1. 


Analysis of the data given in Table 1 provides a basis for considering that, under otherwise equivalent 
conditions, the yleid ef dichloro derivatives and tr’ chloro derivatives was significantly higher over the copper- 
silica gel catalyst than during die work with the fro. Jscalyst. ‘With the latter catalyst, an Increase in the exe 
cess of propane In the reaction mixture, as would be expected, caused a ¢ :crease in the yield of di- and tichl- 
rides. On the other hand, this effect was expressed to a considerably lesser extent over the CuC},- SIO, catalyst. 


Effect of temperawmre. In the work with the CuC}- SiQ, catalyst, an Increase In temperature to 300° 
caused severe decomposition of the reaction products with the formation of propylene and hydrogen chloride. 
At this temperature, the eifMuent gases contained 27.2% unsaturated hydrocarbons. Data showing the effect of 
temperature on product composition in propane chlorinatior. over the iron catalyst are presented in Table 2, 


The data obtained chow a clear tendency toward a decrease in the yield of di- and trichlorides with an 


increase In reaction temperature, This correlates with our previous observations during the study of the chlo- 
tination of n-butane over hetcrogencous catalysts, 


Catalytic action of nitric oxide during chlorination of propane 


The chain mechanism of the chjorination of paraffin hydrocarbons gives basis for the assumption that a 
substance which forms radicais easily must act catalytically on the chlorination reacuon, ' This position iscon- 
firmed by data published in the Mterature on the chlorination of paraffinic hydrocarbons in the presence of iéi- 


~ 


142 239 42.1 13.6 
i 144 240 38.1 - 12,8 
i 146 242 41.7 19.8 
147 245 48.3 19.2 
148 242 | 
231 40,0 13.3 
Iron catalyst 
‘ae 159 : 21.1 5.3 
160 14.7 4.6 
161 33.5 11.3 
i 
i 
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tacthy ead and azomethano 4]. The catalytic action of nitrogen oxides In chala reactions in 
particularly fn n.cthane oxidation, also known 


TABLE 2 ‘ 
The Effect of Reaction Temperature on Chiorinatfon Product Composition, Iron Catalyst® 
Expertinent Reaction Mole ratio Space rate, | Product composition, wt. %(from distillation dats) 
Monochlorides | Dichlorides | Telchtorides 
159 230 2:1 120 73.6 21,1 5.3 
163 270 120 3.4 
eo 165 300 2:1 113 80.7 15.3 4.0 
a 167 347 2:1 120 80.8 16.5 2.7 
160 235 200 £0.7 14.7 4.6 
j . 162 - 270 4.07:1 200 88.2 9.7 2.1 
164 300 3.9631 203 88.1 2.4 
a 166 347 4:1 200 83.0 9.5 1.5 


*In all of the experiments the effluent gascs contained no unsaiurated hydrocarbons, 


In the opinion of V.V. Voevodsky and V.N. Kondratyev [4], the catalytic action of NO, fn chain reace — 
tions of hydrocarbon oxidation Is explained by the occurrence of the process 


RH + NO, + HNO}. 


According to approximate calculations, this ¢caction gives a certain energy gain In comparison with 
simple cleavage of the RH molecule Into R and H. Because of this, R radicals are formed more easily in the 
pecsence of NO, than fn its absence, 


We were the first to demonstrate the catalytic effect of 
it nitric oxide In the chlorination of n-butane, Later on, this 
£0 phenomenon was confirmed by V.A. Nekrasova and N.L Shul- 
fe tin during a study of the chlorination of higher molecular 
“ va OY r In order to confirm the catalytic role of nitric oxide dure 
SA_4 ing propane chlorination, the reaction between chlorine and 
2}! propane was carried out Jn the usual flow-type apparatus with 
oe _y the addition of niuic oxide to the reaction mixture In amounts 
0 : 


of 1-23, The experiments were carried out with a three-fold 

excess of hydrocarbon in the reaction mixture and at a space 

Fig. 2, Variation in chlorine consump- 


tion with temperature during the chlori- The results obtained are presented in Figure 2. As can 

yee of propane in the presence of NO). —_—Ss be seen from the graph, also in the case of propane chlorinativca 
) 2%NO,; 2)1%NO,; 3) thermal re- there is observed a clearly expressed catalytic effect of the nit- 

1 pth : ric oxide which leads to a higher percentage chlorine consump- 


tion than In the purely thermal process carried out under othere 
4 wise equivalent conditions, 


129 


As regards the mechanism of the catalytic effect of NO, in the chlorination of paraffinic hydrocarbons, 
ihe most probable Is the formation of NOC], which then liberates atomic chlorine; NOCI-*>NO+CL ‘the © 
i energy required to rupture the N—C] bond Is 36 kcal/mole, while the energy required for the C1—Cl bond is 
58 kcal/mole. Thus, when NO, {s used as a homogeneous catalyst for the chlorination reaction, there is an 


energy gain of 22 kcal/mole, This mechanism {s in gee: with the thesis expressed by N.N. Semenov in 
his recent work 
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CHEMICAL STUDY OF THE ALKALOIDS OF THE SECURINEGA SEMI-SHRUB — 
SECUKINEGA SUFFRUTICOSA (PALL.) REHD. 


V.1. Muravyeva and A.1. Bankovsky 


(Presented by Academician I.N. Nazasov, May 5, 1956) 


The Ussurl expedition of the All-Union Institute of Medicinal and Aromatic Plants first established the 
presence of appreciable amounts of alkaloids in the leaves and young staJks of the securinega semi -shrub Seco 
urincga suffruticosa (Pall.) Rehd., family Euphorblaceac[1}. The securinega semi -shrub is a bush 1.5-2 meters 
high which grows wild in the Ussurl region, The plant saw material (Jeaves and shoots) was callected in the 
flowering and fruit-bearing stages. Isolation of the total alkaloids was carried out hy duc dichlorucsthar* methods 
the yleld of alkaloids frora the leaves was 0.38%, and the yield from the shoots was 0.19%, both on ths Db is of 
the air-dried raw inaterlaL Fromm the total a}kalolds was Ssolated an Individual crystalline base melting 
139-149, = 1042.3°, (ethanol, C = 1), of the composition CyH,,0O,N. This base crysta]Hzed from ethanol 
in the form of pale yellow prisms which were readily soluble In chloroform, difficultly soluble In ethyl ether, 
petroleum ether, and acetone, and slightly soluble In cold water, 


It forms easily crystallizable saiis with mineral and organic acids: hydrochioride m.p. 230°, nitrate m.p. 
205°, sulfate m.p. 128°, picrate m.p. 218°, plcrolonate m.p. 194°, chloroaurate m.p. 168°, chioroplatinats m.p, 
210°, and perchiorate m.p, 208". 


Determination of N-methyl}, methoxy and hydroxy groupe showed that they are not present In the moke 
cule of the base. A negative reaction was obtained In a qualitative test for the dloxymethylene group; keto ° 
croup derivatives (semicarbazone, phenylhydrazone, and oxime) ako were not obtained. The base dissolved 
completely on heating in alkaline solution, and the original base was liberated on neutralization with acids, 
which makes it possible to assum the presence of a lactone group. Spectra) analysis in the fr. and u.v. rege 
fons showed the presence of a lactone group and of conjugated -double bonds In an aromatic of heterocycite ore 
cleus and the absence of NH and OH groups In the molecule, The comresition and properties of this base and 
the melting points of its salts provide a basts for assuming that it Is a «xew, p-eviously undescribed base which 
we have named securinine, 


EXPERIMENTAL 


Extraction of the total alkaloi{ds. 2 kg of the powdered leaves of Sceurine ga were moistened with 200 mi 
of 10% aqueous ammonia and exhausdvely exuacted with dichlorocthane (1:7).. The dichloroethane extract, 
which contained the zlkaloids and other extractable substances, was treated several times with a 10% solution 
of sulfuric acid until extraction of the alkaloids was complete, The sulfuric seid solution of alkalofds was ale 
kalized with 25% ammonta, and the alkaloids were extracted as the bsses with chloroform, The chloroform 
solution was dricd with anhydrous sodium sulfate, After distillation of the solvent, the alkaloids were obtzined 
in the form of a brown crystalline mass; 7.6 g were obtained, which amounted to a yield of 0.38% In all, 50 
kg of raw material was treated by this method, and 190 g of tota) alkaloids was obtained, 


Isolation and purification of securinine. 20 g of total alkaloids was placed {n a round-bottomed flask 
fitted with a reflux condenser and was repeatedly treated with 200-mil portions of boiling ethy] ether for 30 
minutes each time; after cach reatment, the solvent was decanted, and a new poriion of solvent was added to 


the residue, Six such decantations were made, and 1.2 tess of ethereal solution of alkaloids was obtained, 
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After distitlatton of the ethyl cther, a quantity ametnting to:7.9 g of crystalline alkstolds was obtained, 
which amounted to 99.0% of the original amount o 0.25% claculated on tha dry herb, The residue, which wes 
{insoluble Ir cther, was a dark brown color and did not reactions of atkalolds, 


Tho purified total alkalolds were treated with ethanol, Ou cooling, yellow prismatic crystals of 
securining were precipitated, which, after separation from the solvent, two-fold recrystaliizetion from cthanol, 
and drying In a pistol at 109°, had a molting potnt of 149-140", 


The alcohol exiublted optical activitys 
0.1600 g of inaterial in 16 m1 of ethanol, 1 = 1.69 dm. 
= 19.7, = 1042.3" 


0.1000 g of material in 20 ml of chloroform, Z = 1.89 a 
a = 10,45°, (ax = 1105.8". 


Elemental analysis of securinIze gave the 


Found C 71.71; 71.74; H 7.02; 7.93; N 6.46; 6.52 % C 71.87; H 6.95; 
N 6.45. 


Deicrmination of the molecular weight cryoscopically in benzene gave the following results: 
Found M 203.00; 200.19. Calculated M 217.16. 


Thus, the alkaloid which was isolated from the leaves a the securinega semi-shrub and which | was named 
securinine has the composition 


Preparation of derivatives 


1, Hydrochloride. Anhydrous acetone saturated with hydrogen chloride to a weakly acidic reaction was 
added to 0,2 g of securinine dissolved in acetone. White crystals of the hydrochloride were frecipitated ~ the 
addition of ethylether, After recrystalization from alcohol, the eer had a m.p. of 230°, («5 = 259.2° 
{ethanol, C = 0.5), 


2. Nitrate. Ethyl ether containing concentrated nitric acid was added dropwise to a solution of securinine 
in ethyl etter. The resulting nitrate, after recrystallization from alcoho? bad am.p. of 205°, = 312.12 
(ethanol, C = 0.5), 


3. Suifate, Ethyl] ether containing concentrated sulfuric acid was added dropwise to a solution of securi= 
nine In ethylether, The precipitated sulfate, after recrystallization from alcohol, had a m.p. of 128°. 


4. Picrate. An alecholic solution of plerie acid was added ta an alcoholic solution of securinine. The 
orang prisms of picrate melted at 218° after recrystailizcctan fiom alcohol 


5. Picrolonate, An alcoholic solution of picrolonic acid was acdzd a2 alcoholic solution of securinine. 


Upon brief standing, orange prisms of the picrolonate were formed, which, after recrystallization from alcohol, 
melted at 194°, 


6. Chloroaurate, A solution of aurle chloride in 1.0 N sulfuric acid was added dropwise to a solution of 
securinine {n 1.0 N sulfuric acid. On brief standing, brownish-gold needles were precipitated; m.p. 168°. 


_ 9, Chioroplaunate, A solution of platinic chioride in 5% was added dropwise to a solution of securi- 
nine in The resulting precipitate was recrystallized. On standing, gold needles of securinine chloro 
platinate precipitated; m.p. 210°, 


8. Perchlorate. A saturated aqueous solution of sodium perchlorate was added dropwise to an alcoholic 
sojuiion of securinine. After several minutes, white needies of securinine precipitated, af- 
ter recrystallization from alcohol, melted at 20¥*, 


Determination of functional gcrouss 


Determination of N-methyl and methoxy groups (by the method ‘of Viebdck snd Brecher) and also of hye 
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Fig. 1. Infrared spectrum of securinine (in glycerine), > 


4. 
droxy! groups (by the method of Tscrevitinova) showed -_—~A 
that these groups are not present In the securinine mole 
cule (2) Negative results were obtained In a qualitae 
tive test for dloxymethylene groups (with phioroglucine 
§n sulfurle avid), and derivatives of the keto group 
wise were not obtained (semicarbazone, phenylhydrazone, oxime) [3}. 


‘Fig, 2. absorpuion spec 
trum in the ultraviolet, 


For lactone group dctermination, the securinine was hydrolyzed [4]. 1 g of securinine was placed in a 
50-m} round-botiomed Mask fitted with a reflux condenser, 15 m) of a 10% solution of KOH in methanol was 
added, and the mixiure was refluxed on a water bath for 3 hours, The methanol was then distilled to dryness, 
and the residue, which was an olly mass, was dissolved fn 10 ml of water. The solution was neutralized and 
treated 3 tines with ether. Aftce disuJlation of the cther, 1 yelow.ecrystalline substance was obtained, which, 
after two-fold secrystallizadion, melted at 139-140°. The nitrate of this substance melted at 205°, These 
characteristics are characteristic of securinine. ‘rhis provistes basis for the assumption that the oxygen in the 
securinine molecule {s In a lactone group. The presence of a lac.one group (6 -lactonc) was also conflrmed 
by spectral analysis of securinine in the Infra red region. Moreover, specttzi analyus in the and u.v. tee 
gions showed that there are conjugated double bonds in an aromatic or heterocyclic nucieus in securin‘ns, and 
that NH and OH groups are absent (sce Figures 1 and 2).° 


Recelyed March 23, 1956 es All-Union Research Institute of Medicinal and 
Aromatic Plants 
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COMPOUNDS OF CONSTANT AND VARIABLE COMPOSITION IN THE 
SYSTEM SODIUM SUPEROXIDE - SODIUM OXIDE 


T.V. Rode and G.A. Golder 


(Presented by Academician LI. Chernyaev, November 5, 1955) 


Sodium superoxide (NaO,) was first synthesized In 1936 by I.A.-Kazarnovsky {1} Kleinberg and co- 
workers published a series of works on the synthesis, analysis, and magnetic measurements of NaQ, [2-4] and 
its reactions with nitratcs in Uquid ammonia [5,6} A series of authors {1, 7, 8) ascribed to sodium peroxide 
a cuble swucture of the type of sodium cliloride; however, more recently (9) it has beer found, by the method 


of single crystal x-tay diffraction, that at room temperature NaO, has the {rregular structure of pyrite with the 
parameter, established by G.S. Zhdanoy znd Z.V. Zvonkova [8], a = 5.44 A. 


In 1953, {t was established by one of us [10] that NaQ, has two low temperature polymorphic modifica 
tions with transitions at —80° and —43°, In the same year, works appeared which confirmed our data by other 
methods 11, 12} Certer and Tempkton (9) established that between —80 and —43° has the pyrite 
structure with the parameter a = 5.46 A, and below -80 it has the marcasite structure with the parameters a © 
= 4.25 A,b= 5.54 A, and ec = 3.44 A. Neiding and Kazarnovsky [13] found a maximum on the magnetic sus- 
ecpubillty-temperature curve at ~80.. The heat capacity [14] and entropy [12] of NaC, have been measured, 


EXPE“IMENTAL 


We carried out a physicochemical investigation of sodium. rroxide and superoxide (chemical, thermal, 
and x-tay analyses; temperature -composition curves. cotainc’ by continuous determination of the boss in 
weig.ut by means of a thermobalance, and decomrosition polytherms), and a temperature -composition dlagrain 
of the system N2Q,—-Na,0 was constructed, Tie methcds used have been described Jn previous papers (15, 16}. 
During the course of the work, tic samples were carefully fsolated from the effects of atmospheric moisture and 


CO,. 


We investigated two prepars*.ons of sodium peroxide having the following compositions; 


No. % Total NsOH and Na;CO,, % 
1 76.50 21.95 1.55 
2 £5.62 12.88 1.50 


Since sodium peroxide Is a decomposition product of the superoxide, ‘us presence had no effect on the 
form of the thermograms. Lines of both NaOQ, and Na,OQ, were observed on the radiograms of both of the orig- 


inal preparations. Compositions given later of the intermediate decomposition products (to the compositica 
Na,0,) were recalculated on the basis of pure Na3O). 


In Figure 1 are presented the thermogram (1), recorded In a Stepanov cell, and the decomposition polye : 
therm (2) for Preparation No, 1, and similar curves for Preparation No, 2 are presented in Figure 2, 


Time {s plotted on the abscissa of both curves; the ordinate for the thermograms Is the temperature dife 
ference between the sample and the standard (MgO), while the ordinate for the decomposition polytherms fs 
the number of ml! of oxygen (s.t.p.) liberated from the sampie at a given intermediate ime, 
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Fig. 1. Thermogram (1) and decomposition poly therm (2) of 
sodium superoxide (Preparation 1), : 


The following effects are observed on the thermogram (1) of Figure 1: at about 120° there begins an en- 
dothermic effect corresponding to the decomposition of N2Q, with the formation of a continuous series of soild 
solutions up to the Umiting composition, which corresponds to the molecular formula N23O, ¢5. The formation 
of the solid solutions is confirmed by the continuous source of the decomposition polytherm to the indicated 
composition over the portion of the curve a—b (Curve 2) in the region of this effect. x-Rayexaminatlc _ < he 
preparation before and after heating in the Stepanov ecll for 26 hours at 13S, f.e., in the regia ~f there solid 
solutions, disclosed a small displacement In the interference Unes (see Table 1) which confirmed the rezuls of 
our polythermal analysis, As may be seen from the table, there s a decrease in the cell parameters, which 
corresponds to solid solution “deficiencics®, which fs precisely what happens in the present case, 


TABLE 1 


x-K.y Measurements on Preparation No, 2 in its Original State and After 
Heating at 138° 


Interplanar distance, A Difference 
Original prepa-| After InA In 
ration heating 


3.0739 3.0636 0.0103 0.33 
2.7670 2.755 0.0111 0.40 
2.5689 2.5571 0.0118 0.46 
1.9564 1.9406 0.0158 0.81 
1.8211 1.8054 9.0157 0.86 
1.6613 1.6475 0.0138 0.83 
1.5976 3.9806 0.0142 0.89. 
1.2701 1.2586 *..0,0115 0.91 
1.0607 1.0470 0.0137 1.29 


Beginning at 250° on the thermogram (Figure 1) is a highly endothermic effect corresponding to the de- 
composition of the limiting solid solution composition to sodium peroxide, Na,;Q;. On the decomposition poly 
therm there {s observed an almost vertical portion, b~c, which indicates vigorous evolution of oxygen in the 
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region of this effect, Chemical analyses of preparations heated to f.e., to a temperature {innicdlately 


after this effect, conflrmed that the decompositio: product was NaQy Ines disappeared from the powe 


tadiograms, and only the of rembinod, 


ml 


& 


Time minutes 


Fig. 2. Thermogram (1) and decomposidor poly-. 
therm (2) of sodium supcroxide (Prepare “on 2). 
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Atoms of oxygen pez 2 stoms of Na 


Fig. 3. Temperature — composition clagram (heat- 


ing rate 5.5-6°/minute) for the system NaQy—Na,0. 


Above 180°, a slow HMbvration of oxygen feom 
the Na,Q, begins (d-e, Curve 2), This Mberation 
{s not accompanied by an apprectable the:mal 
fect, At about 460° (pofnt c, Curvo 2), an incrcass 
{n the rate of oxygen liberation fs observed, and, 
beginning at thls temperature, the sodium oxide, 
formed by the decomposition of the peroxide, te= 
acts with the glass of the pyrex ccll, as has been 
established by us. A small exothermic effect on 
the thermogram at 460-510° (e—f) corresponds to 
the latter process. The large endotherma!] effect of 
‘the melting of Na,Q, is obscrved on the thermogram 
at 510°, Between 510 and S45, Seether decompose 
tion of the rcroxide continucs, taking place In the 
molten state (f-g, Curve 2). At 545-560°, an endo- 
thermic effect Is observed on the thermogram, and 


_the decomposition polytherm shows a second 


tense liberation of gas (g—h), Indicating that this 
effecy corresponds to the decomposition of the melt . 
with the Liberation of all of the active oxygen and 
the formation of solid sodiusa oxide. 


The latter effect proceeds directly into a 
large exothermic ejiect at 560-585°, which corres= 
ponds, as we have established, to the reaction of the 
sodium oxide formed with the glass of the cell A 
similar effect was observed by us during an {nvest- 
igation of Mthfura peroxide (15, 16], The presence 
of a similar effect when the thermogram was recorded 
using a stainless steel cell showed that the N2,0,ia 
contrast to Lf,0[15, 16}, reacts not only with ths 
giass, but also with stainless steel, and only the use 
of metallic nickel cells would make It possible to 
avoid this reaction and the exothermic effect on the 
thermograms, 


On the thermos,am of Preparation No. 2 (see 
Figure 2) there was an additional exothermic effect 
at 85-95° corresponding to enlargement of the supers © 
oxide crystals, as was shown by a radiogram of supere 
oxide Preparation No. 2 heated for 2 hours at 190°, 
There were breaks in the continulty of the Interfere 
ence lines of the radiogtam, This indicates that the 
exothermic effect at 85-S5° corresponds to enlarge-. 
ment of the NaQ, crystals, 


The remainder of the thermograms and ds- 
compocition polytherms of Preparations Nos. 1 and 2 


were almost identical, There was one difference in that the exothermic effect of the decomposition of the res 
{dual melt, beginning here at 547°, is wedged into the large exothermic effect ef the reaction, 


The polytherrmal curves of the Joss in weight with temperature confirmed the 
entia} chermal analysis and x-ray analysis, 


results obtained by differe 
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ta order to deternilie the for the system N2O,—Na,O, saimptcs of the 
preparations of NaQy were heated In Stepanov cells to varlous temperatures In the range 150 to 565” with parale 
tel recording of the thermograms and tho decomposition polythermas; after this, analyses for active oxygen 
were made on the products obtained, and radlograni were taken of certain of thom, 


The temperature — composition diagram for the systom NaQy~—Na,O fs -esented In Figure 3, It is not 
an cquilibeluin ctagram, and corresponds to a rate of heating of 5.5-6°/minute, 


Tho cross-hatched portion, ah, of the clagram between 100 and 250° corresponds to a continuous series 
of solid solutions with the Nmiting composition corresponding to tha molecular formula Na,O3 ¢9. Beginning 
at 250°, there Is an Intensive decomspositoa of the solid solution to Na,0,. With an increase In temperature, 
the lattcr begins to decompose slightly waile still the solid state At 510°, the undccomposed sod 
fum peroxide melts, and its slow decornposition continues in the liquid state to S45° (f-g). At the latter teme- 
perature, there was a vigorous decomposition of the remaining Hquld peroxide with the formation of solid sod- 
fum oxide, A hcterogencous region of molten sodium peroxide and solid sodium oxide 1s observed on the diae 
gram between 510 and 545°, 


To sum up, the stidy of the t/stern NaQ,—Na30 established the existence of the following phases of con- 
stant composition: three modification: of NaQ, with transition temperatures of —80 and —43*, Na,0;, and Na,0, 
and also a single phase of vailable composition in the range from Na,Oq to having the lattice of sod- 


jum superoxide. The pean: of a compound of the composition N3;0, under our conditions Was not estabe 
Nshed. 
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DUAL REACTIVITY IN REACTIONS OF OLEFINS WITH ALDEHYDES 


M.I. Faberov 


(Presented by Academician LN, Nazarov, May 5, 1956) 


Olefins react easily with formaldehyde, and some also with acetaldehyde and other aldehydes, in an 
aqucous medium in the prescnce of an acid {1}. During a study of this reaction using a number of reactants, 
we have shown that two serfes of products are formed. The basic products of these reactions are diols and, 
chiefly, products of the further reaction of the diols with the aldehydes cyclic acctals — alkyl-1,3-dioxanes, — 


Thus, in the reaction of Propy ylene with formaldehyde (Scheme 1) the basic reaction product Is 4-methyl-1,3¢ 
dioxane (I), 


{3 


CH,-CH—CH,CH,OH (1m) 


methanol 


which is formed along with a ccris!n amount of 1,3-butanedjol (I). The other serles.of reaction products come 
prise unsaturated alcohols and, chiefly, the products of thelr further reaction with the aldehyde: cyclic alkcoe 
hok, derlvatives of hydroxycetrahyd’opyran In the reaction of propylene with formaldehyde, in eddidoa to the 
first series of products, allylcarbinol 1s forme4 in small ampounts and 4-hydroxytetrahydropyran (1V) formed 


in quite ippecctabte amounts, Structure (IV) was proved by oxidation to tetrahydro-y-pyrone and by a series 
of other reactions (2}. 


Other olefins react simflarly. Thus the basic produtt of the reaction of 2-butene with formaldehyde fs 
4,5-dimethyl-2,3-dioxane (VI), which is formed along with a certain amount of 3-methy]+4-hydroxytetabye 
dropyran (Vi). In the reactica of isobutylene with acetaldehyde, slong with the basle product 2,4,4,6-tetrae 
inethyi-1,3-dioxane (VII), a certain amount of 2,4,6-uimethy1-4 -hydroxytetrahydropyran (2X) fs formed. 


In the reaction of {sobutylene with formaldehyde, only one series of products is formed, diol derivatives 
~ 3-methy]-1,3-butanediol (X). The basic product. of the reaction, along with a certain amount of (X), Is 4,4- 
dimethy1l-1,3-cioxane (X1). In addition, a certain amount of a cyclic alcohol containing a moxste ange’ 4-. 
-hydroxymethyl-1,3-dioxane (XII), is found fn the reaction reoduecta, 


. = 

3 

Scheme 1 

| 639 


Proof of structure of (XIT) was by, among other reactions, methanolysis to the triol (2-hydroxy me thy]-3 -methyl- 
1,3 -butanediol (XIV) ) (Scheme 3). 


OH, 


The mechanism of the formation of two series of products during the reaction of olefins with formalds- 
hyde can be explained by starting from the hypothesis, proposed by A.N. Nesmeyanov and M,I, Kabachnik 
[3]. conceming the causes of dual reactivity, The olefins considczed are characterized by the presence of ore 
conjugation, which imparts the ability to react at the 1,2- and 1.4-bonds, By way of example, let us consider 
the mechanism of d.ese reactions for the case of the reaction of propylene with formaldehyde (Scheme 4}. 
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According to the presently widely accepted concept of the mechanism of acid catalysis, the role played 
by the acid leads to the formation of an intermediate carbonium fon. In the present case, the acid gives upa 
proton to form a carbonium fon from the formaldehyde (a). The reaction proceeds mainly at the 1,2-bond; 

1 the formalcehyde carbonium ion (a) adds to car'on atom 1; there arises at the second carbon atom a positive 

carbonium reaction center which, reacting with water, adds an hydroxyi group (with the Liberation of a proton), 
As a result of the 1,2-addition, 1,3-butanedio! {s formed [1]. In the second case, the sddition of ie cazbontum 
fon (a) to carbon atom 1 §s accompanied by a shift of the reaction center to the fourth atom; hydrogen atom 4 
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is hy and aptite off the form cf a motcouls of water, bilugs about the not only 
uf the but also of the -hond and the establidnacat of anew g-hond at Stich a of reaction 
lesals to the fornmaden of allylearbinol (11). The formation of (111) hy the teaciton of propylene wiih formate 
denyde has toon deeerthed Int. [42 The butanediol (1) and allylearbinol (1H) ruact further with fore 
mahlchyde ta actd medhun; (1) fs converted date (11), aud (il) gives pentanctrlol which east ly 
loses water with the closure of the six-meinbered ring forming the hydroxytetrahydzopyran (IV), wat shown 
previously by us that (IV) ft eastly formed by tho reaction of (11) with fonaaldchyde in an acid medium 
The conversions shown as Scheme 2 procced similarly, 


In the case of the reaction of feobuty!ene with formaldehyde, practically only 1,2-addition takes placo— 
(28 a comequence, evidently, of the considcrable greatce rate of this rcaction In this case). Therefore, only . 
3-methy]-1,3-butanediol (X) and the products of Its conversions (Scheme 3) are formed, The casy cleavage 
of the hydroxy! group at the tertfary carbon atom of this diol Jeads to the formation of the unsaturated alcohol 
(XH). In the reaction with formaldchyde, this aicohol cannot yleld a derivative of 
ahydropyran, and forms instead *dloxane® alcohol (XII). 


EXPERIMENTAL . 


The reaction of olefins with aldchydes was carried cut {nan autoclave of In a laboratory metallic vibra- 
ting columa, The were carried out with aqueous solutions of foimaldehyde (formalin) and acetalde- 
hyde fn the presence of “wlfuric acid; the concentration of acid in the solution was } “Sja The reaction tem- 
perature was 85-115°; dic Seen varied from 40 to 50 aum. for Salt and from 8 to 14 atm, for the 
butenes, 


The ue of the individual products, their constants, and their analyses are given in Table 1, 


The hydroxy! group content of all of the hydroxyl-centafning products (IV, VII, LX, XI1, and XIV) was 
determined both by the phthalle anhydride method and by the method of Chugacv and Tserevtinova (for tere 
tiaty hydroxy] groups). In all cases, the found values agreed closely wiih the calculated, Identification of the 
alkyl-1,3-dloxanes (UH, VI, VIII, and XI) was by methsnolysis to the corresponding diols in the presence of a 
small amount of sulferic acid, Identification of the derivatives of hydroxytetrahydiopyran (1V and was by 
oxidation to derivatives of tewahydro-y -pyrons [2]. 
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